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Preface 

The TLCS 900 microcontroller family of products is described in 
the following documents: 

TLCS 900 Series CPU Architecture 

The TLCS 900 user manual describes the 1 6-bit micro- 
controller TLCS 900 series system architecture. The scope of 
this document includes common topics to all derivitives of this 
family of products, such as CPU core operating modes, regis- 
ter organization, addressing modes, instruction set, timings 
and differences between the TLCS 90 and TLCS 900 series. 

In addition, several databooks are available that cover the 
device specific topics such as package specifications and 
electrical characteristics. Depending on the TLCS 900 LSI 
device selected, the appropriate databook should be used in 
conjunction with the user manual. At the time of print, the fol- 
lowing data books are available: 



TLCS 900 MCU Series (1) 

describes: TMP96C041 AF 
TMP96CM40F 
TMP96PM40F 
TMP96C031N/F 
TMP96C081F 



TLCS 900/L MCU Series (2) 

describes: TMP93M40F 
TMP93M40AF 
TMP93M41F 
TMP93M41AF 
TMP96CS40F 
TMP96PS40F 



TLCS 900/H MCU Series (3) 

describes: TMP95C061F 
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TOSHIBA 



TMP96C141AF 



CMOS 16-bit Microcontroller 
TMP96C141AF 

1 . Outline and Device Characteristics 

TheTMP96C141AF is high-speed advanced 16-bit microcon- 
troller developed for controlling medium to large-scale equip- 
ment. 

The TMP96C141 AF is housed in an 80-pin flat package. 
Device characteristics are as follows: 

(1) Original 16-bit CPU 

• TLCS-90 instruction mnemonic upward compatible. 

• 1 6M-byte linear address space 

• General-purpose registers and register bank system 

• 1 6-bit multiplication/division and bit transfer/arithmetic 
instructions 

• High-speed micro DMA 

- 4 channels (1 .6^s/2 bytes @ 20MHz) 

(2) Minimum instruction execution time 

- 200ns @ 20MHz 

(3) Internal RAM: 1Kbyte 



Internal ROM: None 

(4) External memory expansion 

• Can be expanded up to 1 6M bytes (for both programs and 
data). 

• Can mix 8- and 1 6-bit external data buses. 

" Dynamic data bus sizing 

(5) 8-bit timers: 2 channels 

(6) 8-bit PWM timers: 2 channels 

(7) 1 6-bit timers: 2 channels 

(8) Pattern generators: 4 bits, 2 channels 

(9) Serial interface: 2 channels 

(10) 10-bit A/D converter: 4 channels 

(11) Watchdog timer 

(12) Chip select/wait controller: 3 blocks 

(13) Interrupt functions 

• 3 CPU interrupts SWI instruction, privileged violation, 

and Illegal instruction 

• 14 internal interrupts 

• 6 external interrupts 

(14) I/O ports 

(15) Standby function : 3 halt modes (RUN, IDLE, STOP) 



^ 7-level priority can be set. 
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Figure 1. TM P96C1 41 AF Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 

The assignment of input/output pins for TMP96C1 41 AF, their Figure 2. 1 shows pin assignment of TMP96C1 41 AR 
name and outline functions are described below. 





Top View 
QFP80 



11-64 
D-63 
>62 
>-61 

2- 60 
D-59 
>58 
>57 
D-56 
D-55 
D-54 
D-53 
D-52 

3- 51 
>-50 
3-49 
>-48 
>47 
3-46 
>-45 
3-44 
3-43 
3-42 
3-41 



P32(HWR) 

P31(WR) 

P30(RD) 

P27(A7/A23) 

P26(A6/A22) 

P25(A5/A21) 

P24(A4/A20) 

P23(A3/A19) 

P22(A2/A18) 

P21(A1/A17) 

P20(AO/A16) 

VSS 

P17(AD15/A15) 

P16(AD14/A14) 

P15(AD13/A13) 

P14(AD12/A12) 

P13(AD11/A11) 

P12(AD10/A10) 

P11(AD9/A9) 

P10(AD8/A8) 

P07(AD7) 

P06(AD6) 

P05(AD5) 

P04(AD4) 

P03{AD3) 

P02(AD2) 

POI(ADl) 

POO(ADO) 

VCC 

ALE 

P95(SCLK1) 
P94(RXD1) 



Note : Because the TMP96C141AF has an external ROM, POO to P17 pins are fixed to ADO 
to AD15; P30 to RD; and P31 to WR. 



Figure 2.1 Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions 

The names of input/output pins and their functions are described below. 

Table 2.2. Pin Names and Functions 



Pin Name 


Number 
of Pins 


I/O 


Functions 


rUu ~ rU/ 
AD0~AD7 


8 


i/n 
I/O 

Tri-state 


Port u. l/u port triat allows l/u to be selected on a bit basis 
Address / data (lower): - 7 for address / data bus 


P10~P17 

AD8~AD15 

A8~A15 


8 


I/O 
Tri-state 
Output 


Port 1 : l/u port that allows l/u to be selected on a bit basis 
Address data (upper): 8 - 1 5 for address / data bus 
Address: 8 to 15 for address bus 


P20~P27 

A0~A7 

A16~A23 


8 


I/O 
Output 
Output 


Port 2: I/O port that allows selection of I/O on a bit basis (with pull-down resistor) 
Address: - 7 for address bus 
Address: 16-23 for address bus 


P30 
RD 




Output 
Output 


Port 30: Output port 

Read: Strobe signal for reading external memory 


P31 
WR 




Output 
Output 


Port 31: Output port 

Write: Strobe signal for writing data on pins ADO -7 


P32 
HWR 




I/O 

Output 


Port 32: I/O port (with pull-up resistor) 

High write: Strobe signal for writing data on pins AD8 - 15 


P33 
WAIT 




i/n 
l/U 

Input 


Port 33: I/O port (with pull-up resistor) 
Wait: Pin used to request CPU bus wait 


P34 
BUSRQ 




I/O 
Input 


Port 34: I/O port (with pull-up resistor) 

Bus request: Signal used to request high impedance for ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, 
CS1, and CS2 pins. (For external DMAC) 


P35 
BUSAK 


1 


I/O 
Output 


Port 35: I/O (with pull-up resistor) 

Bus acknowledge: Signal indicating that ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, CS1, and CS2 
pins are at high impedance after receiving BUSRQ. (For external DMAC) 


P36 
R/W 




I/O 
Output 


Port 36: I/O port (with pull-up resistor) 

Read/write: 1 represents read or dummy cycle; 0, write cycle. 


P37 
RAS 




I/O 
Output 


Port 37: I/O port (with pull-up resistor) 

Row address strobe: Outputs RAS strobe for DRAM. 


P40 
CSO 
CASO 




I/O 
Output 
Output 


Port 40: I/O port (with pull-up resistor) 

Chip select 0: Outputs when address is within specified address area. 

Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 



Note: With the external DMA controller, this device's built-in nnennory or built-in I/O cannot be accessed using the BUSRQ and BUSAK pins. 



MCU900-4 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C141AF 



Pin Name 


Number 
of Pins 


I/O 


Functions 


P/11 

VH 1 

CST 
CAS1 


1 


i/n 

l/U 

Output 
Output 


Port 41: I/O port (with pull-up resistor) 

Chip select 1 : Outputs if address is within specified address area. 

Column address strobe 1 : Outputs CAS strobe for DRAM if address is within specified address area. 


P42 
CS2 
CAS2 


1 


I/O 
Output 
Output 


Port 42: I/O port (with pull-up resistor) 

Chip select 2: Outputs if address is within specified address area. 

Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 


P50~P53 
ANO ~ AN3 


4 


Input 
Input 


Port 5: Input port 

Analog input: Input to A/D converter 


VREF 


1 


Input 


Pin for reference voltage input to A/D converter 


AGND 


1 


Input 


Ground pin for A/D converter 


P60~P63 
PG00~PG03 


4 


I/O 
Output 


Ports 60 - 63: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 
Pattern generator ports: 00 - 03 


P64~P67 
PG10~PG13 


4 


I/O 
Output 


Ports 64 - 67: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 
Pattern generator ports: 10-13 


P70 
T10 


1 


I/O 
Input 


Port 70: I/O port (with pull-up resistor) 
Timer input 0: Timer input 


P71 
T01 


1 


I/O 
Output 


Port 71 : I/O port (with pull-up resistor) 
Timer output 1 : Timer or 1 output 


P72 
T02 


1 


I/O 
Output 


Port 72: I/O port (with pull-up resistor) 
PWM output 2: 8-bit PWM timer 2 output 


P73 
T03 


1 


I/O 
Output 


Port 73: I/O port (with pull-up resistor) 
PWM output 3: 8-bit PWM timer 3 output 


Don 
roU 

TI4 

INT4 


1 


l/U 
Input 
Input 


Port 80: I/O port (with pull-up resistor) 

Timer input 4: Timer 4 count/capture trigger signal input 

Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge 


P81 
TI5 
INT5 


1 


I/O 
Input 
Input 


Port 81 : I/O port (with pull-up resistor) 

Timer input 5: Timer 4 count/capture trigger signal input 

Interrupt request pin 5: Interrupt request pin with rising edge 


P82 
T04 


1 


I/O 
Output 


Port 82: I/O port (with pull-up resistor) 
Timer output 4: Timer 4 output pin 


P83 
T05 


1 


I/O 
Output 


Port 83: I/O port (with pull-up resistor) 
Timer output 5: Timer 4 output pin 
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Pin Name 


Number 
of Pins 


I/O 


Functions 


P84 
TI6 
INT6 


1 


I/O 
Input 
Input 


Port 84: I/O port (witti pull-up resistor) 

Timer Input 6: Timer 5 count/capture trigger signal input 

Interrupt recjuest pin 6: Interrupt request pin witti programmable rising/falling edge 


PBS 
TI7 
INT7 




I/O 
Input 
Input 


Port 85: I/O port (witti pull-up resistor) 

Timer input 7: Timer 5 count/capture trigger signal input 

Interrupt request pin 7: Interrupt request pin with rising edge 


P86 
T06 




I/O 
Output 


Port 86: I/O port (witii pull-up resistor) 
Timer output 6: Timer 5 output pin 


P87 
INTO 




I/O 
Input 


Port 87' I/O Dort fwith niill-un rp<;i<;tnr^ 

Interrupt request pin 0: Interrupt request pin with programmable level/rising edge 


P90 
TXDO 




I/O 
Output 


Port 90: I/O port (with pull-up resistor) 
Serial send data 


P91 
RXDO 




I/O 
Input 


Port 91: I/O port (with pull-up resistor) 
Serial receive data 


P92 

cTso 




I/O 
Input 


Port 92: I/O port (with pull-up resistor) 
Serial data send enable (Clear to Send) 


P93 
TXD1 




I/O 
Output 


Port 93: I/O port (with pull-up resistor) 
Serial send data 1 


P94 
RXD1 


1 


I/O 
Input 


Port 94: I/O port (with pull-up resistor) 
Serial receive data 1 


P95 
SCLK1 




I/O 
I/O 


Port 95: I/O port (with pull-up resistor) 
Serial clock I/0 1 


WDTOUT 


] 


Output 


Watchdog timer output pin 


m 




Input 


Non-masl(able interrupt request pin: Interrupt request pin with falling edge. 
Can also be operated at rising edge by program. 


CLK 




Output 


Clock output: Outputs rxi ■i-4J clock. Pulled-up during reset. 


EA 


^ 


Input 


External access: should be inputted with TMP96C141 AF 
1, with TMP96CM40F/TMP96PM40F. 


Al C 

ALt 




uuipui 


Address latch enable 


RESET 




Input 


Reset: Initializes LSI. (With pull-up resistor) 


X1/X2 


2 


I/O 


Oscillator connecting pin 


VCC 


2 




Power supply pin (+ 5V) 


VSS 


3 




GND pin (OV) 



Note: Pull-up/pull-down resistor can be released from the pin by software. 
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3. Operation 

This section describes in blocks tine functions and basic oper- 
ations of tine TMP96C1 41 AF device. 

Check the chapter Guidelines and Restrictions for proper 
care of the device. 

3.1 CPU 

The TMP96C141AF device has a built-in high-performance 
16-bit CPU. (For CPU operation, see TLCS-900 CPU in the 
book Core Manual Architecture User Manual.) 

This section describes CPU functions unique to 
TMP96C141 AF that are not described in that manual. 

3.1.1 Reset 

To reset the TMP96C1 41 AF, the RESET input must be kept at 
for at least 1 system clocks (1 states: 1 with a 20MHz 
system clock) within an operating voltage range and with a 
stable oscillation. 

When reset is accepted, the CPU sets as follows: 
• Program counter (PC) to 8000H. 



• Stack pointer (KSP) for system mode to 1 0OH. 

• SYSM bit of status register (SR) to 1 . (Sets to system mode.) 

• IFF2 to bits of status register to 1 1 1 . (Sets mask register to 
interrupt level 7.) 

• MAX bit of status register to 0. (Sets to minimum mode.) 

• Bits RFP2 to of status register to 000. (Sets register banks 
too.) 

When reset is released, instruction execution starts from 
address 8000H. CPU internal registers other than the above 
are not changed. 

When reset is accepted, processing for built-in l/Os, 
ports, and other pins is as follows: 

• Initializes built-in I/O registers as per specifications. 

• Sets port pins (including pins also used as built-in l/Os) to 
general-purpose input/output port mode (sets I/O ports to 
input ports). 

• Sets the WDTOUT pin to 0. (Watchdog timer is set to enable 
after reset.) 

• Pulls up the CLK pin to 1 . 

• Sets the ALE pin to 0. 
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3.2 Memory Map 

Figure 3.2 is a memory map of the TMP96C1 41 AF. 



OOOOOOH 
000080H 

O00100H 
000480 H 



008000H 
O08200H 



FFFFFFH 



Internal I/O 



Internal RAM 
(IK-byte) 



Interrupt entry area 
(32entries x 16 byte) 



External memory 
(16M-byte) 



Direct area (n) 



64K-byte area 
(nn) 



16M-byte area 
(R) 
(-R) 
(R + ) 

(R + R8/16) 
(R+d8/16) 
(nnn) 



= Internal area) 



Note : The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the 
system mode side to lOOH. 



Figure 3.2 Memory Map 
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3.3 Interrupts 

The TLCS-900 interrupts are controlled by the CPU interrupt 
nnask flip-flop (IFF2 to 0) and the built-in interrupt controller. 

The TMP96C141 AF have altogether the following 23 
interrupt sources: 



A fixed individual interrupt vector number is assigned to 
each interrupt source; six levels of priority (variable) can also 
be assigned to each masl<able interrupt. Non-maskable inter- 
rupts have a fixed priority of 7. 

When an interrupt is generated, the interrupt controller 



• Interrupts from the CPU ••3 

(Software interrupts, privileged violations, and Illegal (undefined) instruction execution) 

• Interrupts from external pins (NMI, INTO, and INT4 to 7)" -6 

• Interrupts from built-in l/0s "14 



sends the value of the priority of the interrupt source to the 
CPU. When more than one interrupt is generated simulta- 
neously, the interrupt controller sends the value of the highest 
priority (7 for non-maskable interrupts is the highest) to the 
CPU. 

The CPU compares the value of the priority sent with the 
value in the CPU interrupt mask register (IFF2 to 0). If the value 
is greater than that of the CPU interrupt mask register, the 
interrupt is accepted. The value in the CPU interrupt mask reg- 
ister (IFF2 to 0) can be changed using the El instruction (con- 
tents of the El num/IFF<2:0> = num). For example, 
programming El 3 enables acceptance of maskable interrupts 
with a priority of 3 or greater, and non-maskable interrupts 
which are set in the interrupt controller. The Dl instruction 



(IFF<2:0> = 7) operates in the same way as the El 7 instruc- 
tion. Since the priority values for maskable interrupts are to 6, 
the Dl instruction is used to disable maskable interrupts to be 
accepted. The El instruction becomes effective immediately 
after execution. (With the TLCS-90, the El instruction becomes 
effective after execution of the subsequent instruction.) 

In addition to the general-purpose interrupt processing 
mode described above, there is also a high-speed micro DMA 
processing mode. High-speed micro DMA is a mode used by 
the CPU to automatically transfer byte or word data. It enables 
the CPU to process interrupts such as data saves to built-in l/Os 
at high speed. 

Figure 3.3 (1) is a flowchart showing overall interrupt 
processing. 
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(^Interrupt Processing^ 



Read Interrupt vector V. 
Clear interrupt request F/F. 



General-purpose 
interrupt processing 




PUSH PC 




PUSH SR 




SR<IFF2-0><- 


Accepted 




interruput 




level + 1 


SR<SYSM>«-1 





End 



Data transfer by 
micro DMA 



COUNT*- COUNT -1 



(Notel) 



YES 




PC V + 8000H 






Interrupt processing 
program 




1 


RETI Instruction 
/ POP SR \ 
l^POP PC ) 











COUNT =0 



Micro DMA 
processing 



Notel : In read-only mode, 
always branches to NO 
without conditional 
branch. 



Figure 3.3 (1) Interrupt Processing Flowchart 
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3.3.1 General-Purpose Interrupt Processing 

When accepting an interrupt, the CPU operates as follows: 

(1) The CPU reads the interrupt vector from the interrupt 
controller. When more than one interrupt with the same 
level is generated simultaneously, the interrupt controller 
generates interrupt vectors in accordance with the 
default priority (which is fixed as follows: the smaller the 
vector value, the higher the priority), then clears the inter- 
rupt request. 

(2) The CPU pushes the program counter and the status 
register to the system stack area (area indicated by the 
system mode stack pointer). 

(3) The CPU sets a value in the CPU interrupt mask register 
<IFF2 to 0> that is higher by 1 than the value of the 
accepted interrupt level. However, if the value is 7, 7 is 
set without an increment. 

(4) The CPU sets the <SYSM> flag of the status register to 1 
and enters the system mode. 

(5) The CPU jumps to address 8000H + interrupt vector, 
then starts the interrupt processing routine. 

In minimum mode, all the above processing is completed 
in iiiii^ (1 .5ms @ 20MHz). In maximum mode, it is com- 
pleted in 1 7 states. 



Bus Width of Stack 
Area 


Interrupt Processing State Number 


MAX mode 


Min mode 


8 bit 


23 


19 


16 bit 


17 


15 



To return to the main routine after completion of the inter- 
rupt processing, the RETI instruction is usually used. Executing 
this instruction restores the contents of the program counter 
and the status registers. 

Though acceptance of non-maskable interrupts cannot 
be disabled by program, acceptance of maskable interrupts 
can. A priority can be set for each source of maskable Inter- 
rupts. The CPU accepts an interrupt request with a priority 
higher than the value in the CPU mask register <IFF2 to 0>. 
The CPU mask register <IFF2 to 0> is set to a value higher by 
1 than the priority of the accepted interrupt. Thus, if an inter- 
rupt with a level higher than the interrupt being processed is 
generated, the CPU accepts the interrupt with the higher level, 
causing interrupt processing to nest. The CPU does not 
accept an interrupt request of the same level as that of the 
interrupt being processed. 

Resetting initializes the CPU mask registers <IFF2 to 0> 
to 7; therefore, maskable interrupts are disabled. 

The addresses 008CX)0H to CX)81 FFH (51 2 bytes) of the 
TLCS-900 are assigned for interrupt processing entry area. 
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Table 3.3 (1) TMP96C141 AF interrupt Table 



Default Priority 


type 


Interrupt Source 


Vector Value 

«V" 


Start Address 


High-Speed 
Micro DMA 
Start Vector 


1 




Reset 


, or SWI instruction 


OOOOH 


8 H 


- 


2 




INTPREV: 


Privileged violation, or SWI1 


1 H 


8 1 H 


- 


3 




INTUNDEF: 


Illegal instruction, or SWI2 


2 H 


8 2 H 


- 


4 




SWI 3 Instruction 




3 H 


8 3 H 


- 


5 


Non- 
Maskable 


SWI 4 Instruction 




4 H 


8 4 H 


- 


6 


SWI 5 Instruction 




5 H 


8 5 OH 


- 


7 




SWI 6 Instruction 




6 H 


8 6 H 


- 


8 




SWI 7 Instruction 




7 H 


8 7 H 


- 


9 




NMIPin 




8 H 


8 8 H 


08H 


10 




INTWD: 


Watchdog timer 


9 H 


8 9 H 


09H 


11 




INTO pin 




A H 


8 A H 


OAH 


12 




INT4pin 




B H 


8 B H 


OBH 


13 




INT5 pin 




C H 


8 C H 


OCH 


14 




INT6 pin 




D H 


8 D H 


ODH 


15 




INT7 pin 




E H 


8 E H 


OEH 


- 




(Reserved) 




F H 


8 F H 


OFH 


16 




INTTO: 


8-bit timer 


1 H 


8 1 H 


10H 


17 




INTT1: 


8-bit timer 1 


1 1 H 


8 1 1 H 


11H 


18 




INTT2: 


8-bit timer 2/PWMO 


1 2 H 


8 1 2 H 


12H 


19 




INTT3: 


8-bit timer 3/PWM1 


1 3 H 


8 1 3 H 


13H 


20 


iviaoixQUiu 


INTTR4: 


16-bit timer 4 (TREG4) 


1 4 H 


8 1 4 H 


14H 


21 


INHRS: 


16-bit timer 4 (TREG5) 


1 5 H 


8 1 5 H 


15H 


22 




INTTR6: 


16-bit timer 5 (TREG6) 


1 6 H 


8 1 6 H 


16H 


23 




INTTR7: 


16-bit timer 5 (TREG7) 


1 7 H 


8 1 7 H 


17H 


24 




INTRXO: 


Serial receive (Channel.O) 


1 8 H 


8 1 8 H 


18H 


25 




INnXO: 


Serial send (Channel.O) 


1 9 H 


8 1 9 H 


19H 


26 




INTRX1: 


Serial receive (Channel.1) 


1 A H 


8 1 A H 


1AH 


27 




INHXI: 


Serial send (Channel. 1) 


1 B H 


8 1 B H 


1BH 


28 




INTAD: 


A/ D conversion completion 


1 C H 


8 1 C H 


1CH 






(Reserved) 




1 D H 


8 1 D H 


1DH 






(Reserved) 




1 E H 


8 1 E H 


1EH 






(Reserved) 




1 F H 


8 1 F H 


1FH 



3.3.2 High-Speed Micro DMA 

In addition to the conventional interrupt processing, the TLCS- 
900 also has a high-speed micro DMA function. When an 
interrupt is accepted, in addition to an interrupt vector, the CPU 
receives data indicating whether processing is high-speed micro 
DMA mode or general-purpose interrupt. If high-speed micro 
DMA mode is requested, the CPU performs high-speed micro 
DMA processing. 



The TLCS-900 can process at very high speed com- 
pared with the TLCS-90 micro DMA because it has transfer 
parameters in dedicated registers in the CPU. Since those 
dedicated registers are assigned as CPU control registers, they 
can only be accessed by the LDC (privileged) instruction. 
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(1) High-Speed Micro DMA Operation 

High-speed micro DMA operation starts when the accepted 
interrupt vector value nnatches the micro DMA start vector 
value set in the interrupt controller. The high-speed micro DMA 
has four channels so that it can be set for up to four types of 
interrupt source. 

When a high-speed micro DMA interrupt is accepted, 
data is automatically transferred from the transfer source 
address to the transfer destination address set in the control 
register, and the transfer counter is decremented. If the value in 
the counter after decrementing is other than 0, high-speed 
micro DMA processing is completed. If the value in the counter 
after decrementing is 0, general-purpose interrupt processing 
is performed. In read-only mode, which is provided for DRAM 
refresh, the value in the counter is ignored and dummy read is 
repeated. 

The 32-bit control registers are used for setting transfer 
source/destination addresses. However, the TLCS-900 has 
only 24 address pins for output. A 1 6M-byte space is available 
for the high-speed micro DMA. Also in normal mode operation, 
the all address space (in other words, the space for system 



mode which is set by the CS/WAIT controller) can be 
accessed by high-speed micro DMA processing. 

There are two data transfer modes: one-byte mode and 
one-word mode. Incrementing, decrementing, and fixing the 
transfer source/destination address after transfer can be done 
in both modes. Therefore data can easily be transferred 
betweenl/0 and memory and between l/Os. For details of 
transfer modes, see the description of transfer mode registers. 

The transfer counter has 1 6 bits, so up to 65536 trans- 
fers (the maximum when the initial value of the transfer counter 
is OOOOH) can be performed for one interrupt source by high- 
speed micro DMA processing. 

A the data transferred by the fiDMA function, the transfer 
nter was decreased. 

When this counter is "0"H, the processor operates gen- 
eral interrupt processing. At this time if the same channel of 
interrupt is required next interrupt, the transfer counter starts 
from 65536. 

Interrupt sources processed by high-speed micro DMA 
processing are those with the high-speed micro DMA start 
vectors listed in Table 3.3 (1). 



XI 
ALE 
ADO- 15 
A16~23 
RD 

WR,HWR 



XI 
ALE 
ADO- 15 
A16-23 
RD 

WR,HWR 



XI 
ALE 
ADO- 15 
A16~23 
RD 

WR. HWR 



1 state 




(Notel) (Note 2) 




(Note 3) (Note 3) (Note 3) 


DMI 

"VAJ 
~\ 


DM2 

\f\j 


DM3 

~^ 


DM4 

1 


DM5 


DM6 

V\J 


DM7 

\J\J 


DM8 

\J\J 

1 


DM9 

\f\J 


DM10 

1 


DM11 

\r\j 
~^ 


DM12 

\r\j 


DM13 
\Pd 


DM14 

/ 


DM15 


DM16 

f 










-(A0~15 


{DO- 15) 


^0~15)( 


DO- 15 


h- 




; AO-is). 


DO-15)- 


A0~15)- 


D0-15>- 


AO-15)- 


DO-ls).. 


[ Dut 


nmy 


f Dui 
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[ source 


address 




lation 


[ Duf 




( X 


■xt 


Ne) 
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Ne) 












\ 
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\ 
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High-Speed /.DMA cycle (COUNT ^fc 0) 
(Notel) (Note 2) 



(Note 3) 



(Note 3) 
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DM2 


DM3 

-^ 


DM4 

\r\j 


DM5 

\f\l 


DM6 

\f\J 


DM7 
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~\ 
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VAj 

1 
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\Pd 
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DO-15)- 
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[ Dui 


imy 


J source 


address 


1 — ISeiTi 


STi^R 
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(Note 4) 



(Note 4) 



DM17 

\r\j 
~\ 


DM18 


DM19 


DM20 

\r\j 


DM21 

— \ 


DM22 

\Pd 


DM23 

/ 


DM24 


DM25 

VAj 

/ 


DM26 

\r\j 
~^ 


DM27 

\Aj' 

/■ 






-(A0~15 




K'=l( 


DO- 15 


1 


AO-15)- 


D0~15)- 


A0~15)- 


DO-ls)-. 


[ Dut 
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P-4 
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High-Speed //DMA cycle (COUNT = 0) 



(Notel) This is added 2 states the case of the bus width of source address (Note3) This may be a dummy cycle with instruction queue buffer. 

area is Bbit (Note4) This is added 2 states the case of the bus width of stack address 
(Note2) This is added 2 states the case of the bus width of destination area is 8bit 

address area isSbit 
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The following timing chart is a high-speed ^iDMA cycle of 
the Transfer Address Increment mode (the other mode exe- 



cept the Read-only mode is same as this) 

(Condition: MIN mode, 16bit Bus \A/idthfor 16M Byte, wait) 



(2) Register Configuration (CPU Control Register) 

ChannelO 



DMASO 



DMADO 



DMACO 



DMAMO 



ChanneM 



DMAS1 



Channel2 



DMAS2 



DMAC2 



Channels 



DMAS3 



DMAM3 



-16bit 



.] 



Transfer source address register 
Transfer destination address register 
Transfer counter register 
Transfer mode register 

Transfer source address register 1 
Transfer destination address register 1 
Transfer counter register 1 
Transfer mode register 1 

Transfer source address register 2 
Transfer destination address register 2 
Transfer counter register 2 
Transfer mode register 2 

Transfer source address register 3 
Transfer destination address register 3 
Transfer counter register 3 
Transfer mode register 3 



(Use only lower 24 bits.) 
(1-65536) 



These Control Registers cannot be set only "LCD cr, r" instruction. 
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(3) Transfer Mode Register Details 



(DMAMO-3) 





I I I 



Mode 

J I L 



Note : When specifying values for this 
register, set the upper 4 bits to 0. 



J 



- Z: = byte transfer, 1 = word transfer 



execution time (Min.) @20MH2 



z 


Transfer destination address INC mode for I/O to memory 
(DMADn+)<-(DMASn) 
DMACn<-DMACn - 1 
if DMACn = then INT. 


16 states 
(1.6//S) 


1 z 


Transfer destination address DEC mode for I/O to memory 
(DMADn-)<-(DMASn) 
DMACn<-DMACn - 1 
if DMACn=OthenlNT. 


16 states 
(1.6//S) 


1 z 


Transfer source address INC mode for I/O to memory 

(DMADn) <- (DMASn + ) 
DMACn<-DMACn - 1 
if DMACn=OthenlNT. 


1 6 states 
(1.6/«s) 


1 1 z 


Transfer source address DEC mode for I/O to memory 

(DMADn)<-(DMASn-) 
DMACn«-DMACn - 1 
if DMACn:=OthenlNT. 


16 states 
(1.6//S) 


1 z 


Fixed address mode I/O to I/O 

(DMADn)f-(DMASn) 
DMACn<-DMACn - 1 
ifDMACn=OthenlNT. 


16 states 
(1.6;/S) 


10 10 


Read-only mode for DRAM refresh 

Dummy<-(DMASn) ; Reads 4 bytes. 
DMASn<-DMASn + 4 ; Increments lower word only. 
DMACn<-DMACn - 1 


14 States 
(1.4//S) 


10 11 


Counter mode for interrupt counter 

DMASn^-DMASn + 1 
DMACn^-DMACn - 1 
if DMACn=OthenlNT. 


1 1 states 
(I.Vs) 



(1 state = 100ns) 



This condition is 1 6-blt bus width and wait of source/destination address space. 

Note: n: corresponds to high-speed uDMA channels - 3. 

DMADn +/DMASn + : Post-increment (Increments register value after transfer.) 
DMADn -/DMASn - : Post-decrement (Decrement register value after transfer.) 



All address space (the space for system mode) can be for transfer mode control, 
accessed by high-speed fiDMA. Do not use undefined codes 
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<Usage of read only mode (DRAM refresh)> 
When the hardware configuration is as follows: 
DRAM mapping size: = 1 MB 

DRAM data bus size: = 8 bits 

DRAM mapping address range: = 100000H to 

1FFFFFH 

Set the following registers first; refresh is performed 
automatically. 

® Register initial value setting 
LD XIX, 100000H 

LDC DMASO,XIX ■ • • mapping start address 
LD A, 00001 01 OB 

LDC DMAMO, A- • read only mode (for 

DRAM refresh) 

(D Timer Setting 

Set the timers so that interrupts are generated at 
intervals of 62.5|is or less. 

(3) Interrupt controller setting 

Set the timer interrupt mask h other interrupt mask. 
Write the above timer interrupt vector value in the 
High-Speed fiDMA start vector register, DMAOV. 

(Operation description) 

The DRAM data bus is an 8-bit bus and the micro 
DMA is in read-only mode (4 bytes), so refresh is per- 
formed four times per interrupt. 

When a 51 2 refresh/8ms DRAM is connected, DRAM 
refresh is performed sufficiently if the micro DMA is 
started every 1 5.625ns x 4 = 62.4|is or less, since the 
timing is 1 5.625ns/refresh. 
(Overhead) 

Each processing time by the micro DMA is 1 .S[is (1 8 
states) @ 20MHz with an 8-bit data bus. 

In the above example, the micro DMA is started every 
62.5|is, 1 .8ns/62.5^is = 0.029; thus, the overhead is 
2.9%. 

3.3.3 Interrupt Controller 

Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The 
left half of the diagram shows the interrupt controller; the right 
half includes the CPU interrupt request signal circuit and the 
HALT release signal circuit. 

Each interrupt channel (total of 20 channels) in the inter- 
rupt controller has an interrupt request flip-flop, interrupt prior- 



ity setting register, and a register for storing the high-speed 
micro DMA start vector. The interrupt request flip-flop is used 
to latch interrupt requests from peripheral devices. The flip-flop 
is cleared to at reset, when the CPU reads the interrupt 
channel vector after the acceptance of interrupt, or when the 
CPU executes an instruction that clears the interrupt of that 
channel (writes in the clear bit of the interrupt priority setting 
register). 

For example, to clear the INTO interrupt request, set the 
register after the MMmH follows. 

INTEOAD< — Zero-clears the INTO Flip-Flop. 

The status of the interrupt request flip-flop is detected by 
reading the clear bit. Detects whether there is an interrupt 
request for an interrupt channel. 

The interrupt priority can be set by writing the priority in 
the interrupt priority setting register (e.g., INTEOAD, INTE45, 
etc.) provided for each interrupt source. Interrupt levels to be 
set are from 1 to 6. Writing or 7 as the interrupt priority dis- 
ables the corresponding inter rupt request. The priority of the 
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed 
to 7. If interrupt requests with the same interrupt level are gen- 
erated simultaneously, interrupts are accepted in accordance 
with the default priority (the smaller the vector value, the higher 
the priority). 

The interrupt controller sends the interrupt request with 
the highest priority among the simultaneous interrupts and its 
vector address to the CPU. The CPU compares the priority 
value <IFF2 to 0> set in the Status Register by the interrupt 
request signal with the priority value sent; if the latter is higher, 
the interrupt is accepted. Then the CPU sets a value higher 
than the priority value by 1 in the CPU SR<IFF2 to 0>. Interrupt 
requests where the priority value equals or is higher than the 
set value are accepted simultaneously during the previous 
interrupt routine. When interrupt processing is completed (after 
execution of the RETI instruction), the CPU restores the priority 
value saved in the stack before the interrupt was generated to 
the CPU SR<IFF2 to 0>. 

The interrupt controller also has four registers used to 
store the high-speed micro other DMA start vector. These are 1/ 
O registers; unlike other DMA registers (DMAS, DMAD, DMAM, 
and DMAC), they can be accessed in either normal or system 
mode. Writing the start vector of the interrupt source for the 
micro DMA processing (see Table 3.3 (1)), enables the corre- 
sponding interrupt to be processed by micro DMA processing. 
The values must be set in the micro DMA parameter registers 
(e.g., DMAS and DMAD) prior to the micro DMA processing. 
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Interrupt controller 



Int errupt req uest flip flop 



Priori ty scttiog r egister 




Interrupt request flip flop read 
~ Interrupt request clear Dn ♦ 3 
~ Interrupt request V read w _ a qu 



INT4 
INT5 
INT6 
INT7 

INTTO • 
INTTl ■ 
INTT2 • 
INTT3 ■ 
INTTR4 ■ 
INTTRS - 
INTTR6 " 
INTTR7 - 
INTRXO ■ 
INTTXO ■ 
INTRX1 " 
INTTX1 " 
INTAD ■ 



Interrupt request 
signal to CPU 



(Hlftwit priority « 



Interrupt 

vector 
generation 





High-speed micro DMA channel 
priority encoder 
(Highest priority * chO) 



Interrupt enable 
fl ag on CPU si de 



RESET 
_J 



/^flNTRQ2~ollFF2~ 
I then 1. 




High-speed micro 
DMA request 



High-speed micro 
DMA channel 
specification 



Figure 3.3.3 (1) Block Diagram of Interrupt Controller 
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(1) Interrupt Priority Setting Register 



(Read -modi f y-wri te prohi bi ted.) 



L 



Symbol 


Address 


7 i 6 : 5 ; 4 


3 ; 2 : 1 : 


INTEOAD 


0070H 


INTAD 


INTO 


lADC 


IADM2 i IADM1 i lADMO 


IOC 


10M2 i I0M1 : lOMO 


R/W 


W 


RW 


W 





: i 





: ; 


INTE45 


007 1H 


INT5 


INT4 


ISC 


i5M2 : I5M1 ! I5M0 


I4C 


I4M2 ; I4M1 ; I4M0 




W 


R/W 


w 





: ; 





i i 


INTE67 


0072 H 


INT7 


INT6 


I7C i \7M2 i I7M1 i I7IV10 


I6C ; I6M2 i i6M1 ; I6M0 


R/W : W 


R/W i w 


: : : 


i i ■: 


INTET10 


0073H 


INTT1 (Timer 1) 


INTTO(TimerO) 


IT1C ; IT1M2 ; ITIMI ; IT1M0 


ITOC 


IT0M2 i ITOMI : ITOMO 


R/W ; w 


R/W 


W 


i : ; 





; . 


INTEPW10 


0074H 


INTT3 (Timer3/PWM1) 


INTT2 (Timer2/PWM0) 


IPWK :iPW1M2ilPW1M1 ;iPW1M0 


IPWOC :iPW0M2. IPW0M1 ilPWOMO 


R/W ; w 


R/W : W 


! : : 


0:0:0:0 


INTET54 


007 5 H 


INTTR5(TREG5) 


INTTR4 (TREG4) 


IT5C 


IT5M2 ; IT5M1 i IT5M0 


IT4C 


IT4M2 ; IT4M1 = IT4M0 


RW 


W 


R/W 


W 





; ; 





; ; 


INTET76 


0076H 


INTTR7 (TREG7) 


INfTTR6(TREG6) 


IT7C ; IT7M2 • IT7M1 i IT7M0 


IT6C 


IT6M2 i IT6M1 i IT6M0 


RW i W 


R/W 


W 


: ; : 





; i 


INTESO 


0077H 


INTTXO 


INTRXO 


ITXOC 


ITX0M2 ! ITX0M1 i ITXOMO 


IRXOC 


IRX0M2 i IRX0M1 ; IRXOMO 


R/W 


W 


RW 


W 





: : 





; ; 


INTES1 


0078H 


INTTX1 


INTRX1 


ITX1C ; ITX1M2 i ITX1M1 ; ITX1M0 


IRX1C i IRX1M2 ; IRX1M1 i IRX1M0 


RW : W 


R/W i W 


i ; ; 


i i i 



♦-Interrupt source 
«-bit Symbol 
♦-Read/Write 
♦-After reset 



lxxM2 IxxMI IxxMO 



Function (Write) 



Prohibits interrupt request. 
Sets interrupt request level to " 1" , 
Sets interrupt request level to "2". 
Sets interrupt request level to "3". 
Sets interrupt request level to "4". 
Sets interrupt request level to "5". 
Sets interrupt request level to "6". 
Prohibits interrupt request. 



Function (Read) 



Indicates no interrupt request. 
Indicates interrupt request. 



Function (Write) 



Clears interrupt request flag. 
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(2) External Interrupt Control 



IIMC 
(007BH) 



Read-modify-write is 
prohibited. 



Interrupt Input Mode Control Register 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 












lOlE 


lOLE 


NMIREE 


Read/Write 












W 


W 


W 


After reset 





















Function 












1: INTO 
input 
enable 


0: INTO 
edge 
mode 

1: INTO 
level 
mode 


1 : Can be 
operated 
inNMi 
rising 
edge. 



INTO input enable (Note) 



INTO disable (P87 function only) 



Input enable 



The INTO pin can also be used for standby release as described later. 
Even irihe pin is not used for standby release, selling this register to 
"0" maintains the port function during standby mode. 



NMI rising edge enable 



Interrupt request generation at 
falling edge 



Interrupt request generation at 
rising/falling edge 



INTO level enable 



Rising edge detect interrupt 



High level interrupt 



Setting of External Interrupt Pin Functions 



Interrupt 


Pin name 


Mode 


Setting method 


NMT 




~\_ Falling edge 


IIMC<NMIREE>=0 


— V J — Rising and falling 
* r edges 


IIMC<NMIREE> = 1 


INTO 


P87 


_/~ Rising edge 


IIMC<I0LE> = 0,<I0IE> = 1 


J ■ \_ Level 


IIMC<IOLE> = 1.<IOIE> = 1 


INT4 


P80 


_/~ Rising edge 


T4MOC<CAP12M1,0> = 0.0 or 0,1 or 1,1 


Falling edge 


T4MOD<CAP12M1,0> = 1,0 


INT5 


P81 


_/ Rising edge 




INT6 


P84 


_f~ Rising edge 


T5MOC<CAP34M1,0> = 0,0 or 0,1 or 1,1 


~\_ Falling edge 


T5MOD<CAP34M1,0> = 1,0 


INT7 


P85 


Rising edge 
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(3) High-Speed Micro DMA Start Vector 

When the CPU reads the interrupt vector after accepting an inter- 
rupt, it simultaneously compares the interrupt vector with each 
channel's micro DMA start vector (bits 4 to 8 of the interrupt vec- 



tor). When iDoth match, the interrupt is processed in micro 
DMA mode for the channel whose value matched. 

If the interrupt vector matches more than one chan- 
nel, the channel with the lower channel number has a 
higher priority. 



Micro DMAO Start Vector (read-modify-write is not possible.) 







7 




6 


5 


4 


3 


2 


1 





UMAuV 


bit Symbol 






DMA0V8 


1 DMA0V7 


DMA0V6 


• DMA0V5 


; DMA0V4 


(007CH) 


Read /Write 


W 




After reset 











i 













Micro DMA1 Start Vector 










(read-modify-write is not possible.) 






7 




6 


5 


4 


3 


2 


1 





UMAl V 


bit Symbol 






DMA1V8 


DMA1V7 


DMA1V6 


DMA1V5 


DMA1V4 


(007DH) 


Read /Write 


W 




After reset 


1 1 



















Micro DMA2 Start Vector 










(read-modify-write is not possible.) 






7 




6 


5 


4 


3 




1 





DMA2V 


bit Symbol 






DMA2V8 


DMA2V7 


DMA2V6 


DMA2V5 


DMA2V4 


(007EH) 


Read /Write 


W 




After reset 























Micro DMAS Start Vector 










(read-modify-write is not possible.) 






7 


6 


5 


4 


3 


2 


1 





DMA3V 


bit Symbol 






DMA3V8 


DMA3V7 


DMA3V6 


DMA3V5 


DMA3V4 


(007FH) 


Read /Write 


W 




After reset 


{ 




















(4) Notes 

The instruction execution unit and the bus interface unit of this 
CPU operate independently of each other. Therefore, if the instruc- 
tion used to clear an interrupt request flag of an interrupt is fetched 
before the interrupt is generated, it is possible that the CPU might 
execute the fetched instruction to clear the interrupt request flag 



while reading the interrupt vector after accepting the inter- 
rupt. If so, the CPU would read the default vector OOAOH 
and start the interrupt processing from the address 
80A0H. 

To avoid this, make sure that the instruction used to 
clear the interrupt request flag comes after the Dl Instruction. 
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3.4 Standby Function other built-in circuits halt. Power consump- 

When the HALT instruction is executed, the TMP96C1 41 AF tion is reduced to 1 /1 or less than that dur- 

enters RUN, IDLE, or STOP mode depending on the contents ing normal operation, 

of the HALT mode setting register. 

(3) STOP : All internal circuits including the built-in oscil- 

(1 ) RUN : Only the CPU halts; power consumption later halt. This greatly reduces power con- 

remains unchanged. sumption. The states of the port pins in 

STOP mode can be set as listed in Table 3.4 

(2) IDLE : Only the built-in oscillator operates, while all ("I ) using the I/O register 

WDMOD<DRVE>bit. 



WDMOD 
(005CH) 





7 


6 5 


4 


3 


2 


1 





Bit Symbol 


WDTE 


WDTP1 1 WDTPO 


WARM 


HALTM1 


HALTMO 


RESCR 


DRVE 


Read/Write 


R/W 


After reset 


1 




















Function 


1 :WDT 
Enable 


00:2^6/fc 
01:2^Vfc 
10:220/fc 
11:222/fc 
Detection time 


Warming up 

time 
0:2^^/fc 
1 :2^^/fc 


Standby mode 
00 : RUN mode 
01 : STOP mode 
10: IDLE mode 
11 .Don't care 


1: Connects 
watchdog 
timer 
output to 
RESET pin 
internally. 


1: Drive pin 
even in 
STOP 
mode. 



When STOP mode is released by other than a reset, the 
system clock output starts after allowing some time for warm- 
ing up set by the warming-up counter fro stabilizing the bulit-in 
oscillator. To release STOP mode by reset, it is necessary to 



allow the oscillator to stabilize. 

To release standby mode, a reset or an interrupt i s use d. 
To release IDLE or STOP mode, only an interrupt by the NMI or 
INTO pin, or a reset can be used. The details are described 
below: 



Standby Release by interrupt 



---.^^^Interrupt Level 
Standby IVIode^"'^^^-^._^^^ 


Interrupt Mask (IFF2toO) 
< Interrupt Request Level 


Interrupt Masl((IFF2 to 0) 
> Interrupt Request Level 


RUN 


Can be released by any interrupt. 

After standby mode is released, interrupt processing starts. 


Can only be released by INTO pin. 

Processing resumes from address next to HALT instruction. 


IDLE 


Can only be released by NMI or INTO pin. After standby mode 
is released, interrupt processing starts. 


t 


STOP 


T (Note) 


T 
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Table 3. 4 (1) Pin States in STOP Mode 



Pin Name 

1 III IvCilllw 


I/O 

l/U 


96C141AF 


96CM40/96PM40 


ORVE B 


DRVE = 1 


ORVE s 


DRVE s 1 


PO 


Inniif mnrip/Ann ~ 7 

Output mode 


X 


X 




Output 


P1 


Input mode/AD8~ 15 
Output mode/A8~ 15 


X 


X 




Output 


P2 


Input mode 

Output mode/AO -7. A16~23 


PD* 
PD* 


PD* 
Output 


PD* 
PD* 


PD* 
Output 


P30 (RD), P31 (WR) 


Output 


- 


"1" Output 




Output 


P32~P37 


inn lit mnrip 
iiifjUl iiiUUc 

Output mode 


PU 
PU 


PU 
Output 




P40. P41 


Input mode 
Output mode 


PU* 
PU* 


PU 
Output 




P42(CS2/CAS2) 


Input mode 
Output mode 


PD* 
PD* 


PD 
Output 




P5 


Input 








P6 


Inni it mnrip 

Output mode 


PU* 
PU* 


PU 
Output 




P7 


Inni it mnHp 
iiipui IflUUc 

Output mode 


PU* 
PU* 


PU 
Output 




P80~P86 


Inni it mnrIp 

Output mode 


PU* 
PI 1* 

r U 


PU 

UUipUl 




D07 /IMTn\ 


Input mode 
Output mode 


PI 1 
rU 

PU 


Pi 1 

rU 

Output 


<- 


P9 


Input mode 
Output mode 


PU* 
PU* 


PU 
Output 




NMI 


Input 







M 




WDTOUT 


Output 


Output 


Output 




ALE 


Output 


"0" 


"0" 




CLK 


Output 




"1" 




RESET 


Input 








EA 


Input 


Input 


Input 




X1 


Input 








X2 


Output 


"1" 


"1" 





-: Input for input mode/Input pin is invalid; output nnode/output pin is at high innpedance. 
Input enable state 

Input: Input gate in operation. Fix input voltage to or 1 so that input pin stays constant. 
Output: Output state 

PU: Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a pull-up resistor is not set. 
PD: Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set. 

Input gate disable state. No through current even if the pin is set to high impedance, 
x: Cannot set. 

Note: Port registers are used for controlling programmable pull-up/pull-down. If a pin is also used for an output function (e.g., T01) and the output function 
is specified, whether pull-up or pull-down is selected depends on the output function data. If a pin is also used for an input function, whether pull-up or 
pull-down is selected depends on the port register setting value only. 



MCU900-22 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C141AF 



3.5 Functions of Ports 

The TMP96CM40F/TMP96PM40F has 65 bits for I/O ports. 
The TMP96C141 AF, TMP96C041 AF has 47 bits for I/O ports 
because PortO, Port1 , P30, and P31 are dedicated pins for 
ADO to 7, ADS to 



15, RD, and WR. 

These port pins have I/O functions for the built-in CPU 
and internal l/Os as well as general-purpose I/O port func- 
tions. Table 3.5 lists the function of each port pin. 

(R; 



Table 3.5 Functions of Ports 



T = With programmable pull-up resistor 
I = With programmable pull-down 



Port Name 


Pin Name 


Number of 
Pins 


Direction 


R 


Direction Setting Unit 


Pin Name for Built-in Function 


Porto 


POO ~ P07 


8 


I/O 




Bit 


ADO - AD7 


Porti 


P10~P17 


8 


I/O 




Bit 


AD8~AD15/A8~A15 


Port2 


P20~P27 


8 


I/O 


I 


Bit 


A0-A7/A16~A23 


Ports 


P30 
P31 
P32 
P33 
P34 
P35 
P36 
P37 


1 

i 


Output 
Output 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 


T 
T 

t 
t 

T 
T 


(Fixed) 
(Fixed) 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 


RD 

WR 

HWR 

WAIT 

BUSRQ 

BUSAK 

R/W 

RAS 


Port4 


P40 




I/O 


SIR 


Bit 


CSO/CASO 




P41 
P42 




I/O 
I/O 


t 
i 


Bit 
Bit 




Ports 


P50~P53 


4 


Input 




(Fixed) 


AN0~AN3 


Porte 


P60~P67 


8 


I/O 


T 


Bit 


PG00~PG03. P610~PG13 


Port/ 


P70 
P71 
P72 
P73 


i 


I/O 
I/O 
I/O 
I/O 


T 
T 
T 
t 


Bit 
Bit 
Bit 
Bit 


T10 
T01 
T02 
T03 


Ports 


P80 
P81 
P82 
P83 
P84 
P85 
P86 
P87 




I/O 
I/O 
I/O 
I/O 
I/O 
I/O 

1/6 

I/O 


T 
t 
T 
t 
T 
T 
T 
T 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


T14/INT4 
T15/INT5 
T04 
T05 

T16/INT6 
T17/INT7 
T06 
INTO 


Port9 


P90 
P91 
P92 
P93 
P94 
P95 




I/O 
I/O 
I/O 
I/O 
I/O 
I/O 


T 
T 
T 
T 
T 
T 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


TXDO 
RXDO 
CTSO 
TXD1 
RXD1 
SCLK1 
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Resetting makes the port pins listed below function as 
general-purpose I/O ports. 

I/O pins programmable for input or output function as 
input ports. 

To set port pins for built-in functions, a program is 
required. 

Since the TMP96G141 AF has an external ROM, some 
ports are permanently assigned to the CPU. 



• POO ~ P07 ^ADO ~ AD7 
•P10~P17 -^AD8~AD15 

• P30 -^RD 

• P31 ->WR 

Bus release functbn 

The TMP96C141 AF has the internal pull-up and pull- 
down resistors to fix the bus control signals at bus release. 

Tab le 3.5 (1) shows the pin condition at bus release 
(BUSAK) = "L"). 



Pin Name 


Pin state at bus release 


Port mode 


Function mode 


POO-P07 
(ADG-AD7) 

P10-P17 
(AD8-AD15) 


No status change (these pins are not "Hz") 


These pins are "Hz". 


P30{RD) 
P31 (WR) 


T 


These pins are "Hz". 

("Hz" status after these pins are driven to high level.) 


P32(HWR) 
P37{RAS) 


T 


The output buffer is "OFF' after these pins are drinen high. 
These pins are added in the internal resistor of pull-up. It's 
no relation for the value of output latch. 


P36(R/W) 
P40(CS0/CAS0) 
P41 {CS1/CAS1) 


T 


t 


P42(CS2/CAS2) 


T 


nt 


P20-P27 
(A16-A23) 
P42(CS2/CAS2) 


T 


The output buffer is "OFF" after these pins are drinen high. 
These pins are added in the internal resistor of pull-down. 
It's no relation for the value of output latch. 



{*) P42 has the resistor of programmable pull-down, but 
when the bus are released, P42 pin is added a resistor of pull- 
up. 

That is, when it is used for bus release (BUSAK = "0"), the 
pins of below need pull-up or pull-down resistor for an external 
circuit. 

P00-P07(AD07) 



P10-P17(/\D8-AD15) 

P30(RD) 

P31 (WR) 

When the bus is released, both internal memory and 
internal I/O cannot be accessed. But the internal I/O continues 
to run. Therefore, be careful about releasing time and set the 
setection time WDT. 



TMP96C141AF 



(Internal 
pull-down) 



P00-P07 
(ADO-7) 



P10-P17 
(AD8-15) 



P20-P27 
(A16-23) 



P30(RD) 
P31(WR) 

P32 (HWR)" 
P36{RAW) 
(Internal pull-up) P37 (RAS ) 
P40 (CSO) 
P41 (m) 
P42(cl2) - 



Address/Data bus (ADO-15} 



Higher address bus (Ar6-23) 



System control bus 



Figure 3.5. Example of external bus Interface using bus release function. 
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3.5.1 Port (POO - P07) 

Port is an 8-bit general-purpose I/O port. I/O can be set on a 
bit basis using control register POOR to and sets Port to 
input mode. 

In addition to functioning as a general purpose I/O port, 
Port also functions as an address data bus (ADO to 7). To 
access external memory, Port functions as an address data 
bus (AD to 7) and all bits of the control register POOR are 
cleared to 0. 

With the TMP96C141 AF/rMP96C041AF, which comes 
with an external ROM, Port always functions as an address 
data bus (ADO to 7) regardless of the value set in control regis- 
ter POOR. 



3.5.2 Porti (P10-P17) 

Port 1 is an 8-bit general-purpose I/O port. I/O can be set on a 
bit basis using control register P1 OR and function register 
P1 FC. Resetting resets all bits of output latch P1 , control reg- 
ister P1 OR, and function register P1 FC to and sets Port 1 to 
input mode. 

In addition to functioning as a general purpose I/O port. 
Port 1 also functions as an address data bus (AD8 to 1 5) or an 
address bus (A8 to 15). 

With the TMP96C141AFm/1P96C041 AF, which comes 
with an external ROM, Port 1 always functions as an address 
data bus (AD8 to 1 5) regardless of the value set In control reg- 
ister P1CR. 



Reset 

_L_ 



Direction control 
(on bit basis) 



Output 
latch 



PO write 



Output buffer 



-Q Porto 

P00~P07 
(AD0~AD7) 



Direction control 
(on bit basis) 



PICR write 

ZZi 



Function control 
(on bit basis) 



Output 
latch 



Output buffer 



Porti 

P10~P17 
(AD8~AD15/A8~A15) 



Figure 3.5 (1). PortO 



Figure 3.5 (2). Port 1 
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Port Register 




7 


6 : 5 : 4 ; 3 i 2 


1 


bit Symbol 


P07 


P06 P05 P04 P03 P02 


P01 POO 


ReadAA/rite 


R/W 


After reset 


Input mode (Output latch register becomes undefined.) 


Port Control Register 




7 


6 i 5 : 4 ; 3 i 2 


1 i 


bit Symbol 


P07C 


P06C ! P05C : P04C : po3C ; po2C 


P01C I POOC 


Read/Write 


W 


After reset 





: ; i i 


i 


Function 


0:IN 1:0UT (At external access, Port becomes AD7 - and POCR is cleared to 0.) 



"Porto I/O setting 



Port 1 Register 



Input 
Output 



Read-modify-write is 
prohibited for registers POCR, 
PKR.andPIFC. 







7 


6 


5 


4 : 3 j 


2 


1 





PI 


bit Symbol 


P17 


P16 


P15 


P14 P13 


P12 


pn 


P10 


(000 1H) 


Read/Write 


R/W 




After reset 


Input mode (Output latch register is cleared to "0".) 










Port 1 Control Register 












7 


6 


5 


4 ; 3 ; 


2 


1 





PICR 


bit Symbol 


P17C 


P16C 


i P15C 


P14C i P13C 


P12C 


P11C 


P10C 


(0004H) 


Read/Write 


W 




After reset 








i 


i : 













Function 


<<SeePlFC below. >> 










Port 1 Function Register 












7 


6 


5 


4 ; 3 ; 


2 


1 





PIFC 


bit Symbol 


P17F 


P16F 


P15F 


P14F P13F 


P12F 


P11F 


P10F 


(0005H) 


Read/Write 


W 




After reset 








i 


i i 













Function 






P1FQP1CR = 00 


: IN, 01 : OUT, 10:AD15-I 


J. 11 : A15-8 




1 



Port 1 function setting 



"'■■~*-vJP1FC<P1XF> 
P1CR^"-^„^ 
<P1XC>^'""--v^ 





1 





Input port 


Address data bus 
(AD 15-8) 


1 


Output port 


Address bus 
(A 15-8) 



Note . <P1XF> isbitXinregislerPIFC; <P1XC>,in registerPICR. 



Figure 3.5 (3). Registers for Ports and 1 
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3.5.3 Port 2 (P20 - P27) 

Port 2 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis using the control register P2GR and function register 
P2FC. Resetting resets all bits of output latch P2, control regis- 
ter P2GR and function register P2FC to 0. It also sets Port 2 to 



input mode and connects a pull-down resistor. To disconnect 
the pull-down resistor, write 1 in the output latch. 

In addition to functioning as a general-purpose I/O port, 
Port 2 also functions as an address data bus (AO to 7) and an 
address bus (A1 6 to 23). 



Reset 

zzi 

Direction control 
(on bit basis) 



P2CR write 



Function control 
(on bit basis) 



P2FC write 



Output 
latch 



t 

P2 write 



"t^zzr: , ( 



Output buffer 

4>oH 



' Programmable \ 
V pull-down / 



P2 read 



-n Port 2 

P20-P27 

(A0~A7/A16-A23) 



Figure 3.5 (4). Port 2 
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Port 2 Register 



P2 

{0006H) 





7 


6;5;4;3;2il 





bit Symbol 


P27 


P26 P25 P24 P23 P22 P21 


P20 


Read/Write 


R/W 


After reset 


Input mode (Output latch register is cleared to "0".) 



Port 2 Control Register 





7 : 6 ; 5 


4 i 3 ; 2 


1 


bit Symbol 


P27C P26C P25C 


P24C P23C P22C 


P21C i P20C 


Read/Write 


W 


After reset 


: 1 


i ; 





Function 


< < See P2 FC bel ow. > > 



Port 2 Function Register 



P2FC 
(0009H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


P27F 


P26F 


P25F 


P24F 


P23F P22F 


P21F 


P20F 


Read/Write 


W 


After reset 
























Function 






P2FC/P2CR = 00 


IN, 01 


OUT, 10 


A7-0, 11 : A23-16 






1 



Read-modify-wrtte is 



^"^-<sP2FC<P2XF> 
P2CR^\.^ 
<P2XC>^-^^ 





1 





Input 


address bus 
(A7-0) 


1 


Output 


address bus 
(A23-16) 



Note : <P2XF> is bit X in register P2FC; <P2XC>; in register P2CR. 
To set as an address bus A23- 16, set P2FC after setting P2CR. 



Figure 3.5 (5). Registers for Port 2 
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3.5.4 Port 3 (P30 - P37) 

Port 3 is an 8-bit general-purpose I/O port. 

I/O can be set on a bit basis, but note that P30 and P31 
are used for output only. I/O is set using control register P3GR 
and function register P3FC. Resetting resets all bits of output 
latch P3, control register P3CR (bits and 1 are unused), and 
function register P3FC to 0. Resetting also outputs 1 fronn P30 
and P31 , sets P32 to P37 to input mode, and connects a pull- 
up resistor. 

In addition to functioning as a general-purpose I/O port, 
Port 3 also functions as an I/O for the CPU's control/status sig- 
nal. 



With the TMP96C141 AF. when P30 pin is defined as RD 
signal output naode (<P30F> = IJ^Iearing the output latch 
register <P30> to outputs the RD strobe (used for the 
pseudo static RAM) from the P30 pin even when the internal 
address area is accessed. 

If the output latch register <P30> remains 1 , the RD 
strobe signal is output only when the external address area is 
accessed. 

With theTMP96C141AF/rMP96C041AF, which comes 
with an external ROM, Port 30 outputs the RD signal; P31 , the 
WR signal, regardless of the values set in function registers 
P30F andP31F 
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Function 
control 
(on bit basis) 



ForTMP96C141AF mode 
I 



S 

Output 
latch 



-t>- 



Output buffer 



P30(RD) 
P31(WR) 



-r 

P3 read 



RD. WR 



Reset 



Direction 
control 
(on bit basis) 



P3CR write 



Function 
control 
(on bit basis) 



P3FC write 
} 



S 

Output 
latch 



r 



4>cHFP-ch('''^°9'^""^^'*'« ) 

^ ' \ DUll-UD / 



Output buffer 



HWR. BUSAK, R/W, RAS 



-□ P32( HWR) 
P35(BUSAK) 
P36(R/W) 
P37(RAS) 



P3 read 



Figure 3.5 (6). Port 3 (P30, P31, P32, P35, P36, P37) 
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Direction 
control 
(on bit basis) 



P3CR write 



S 

Output 
latch 



P3 write 



Jp-ch( 



-{> 



Output buffer 



Programmable ^ 
pull-up / 

□ P33 (WAIT) 



Internal 
WAIT ^ 

Reset 

± 



P3 read 



Direction 
control 
(on bit basis) 



P3CR write 



Function 
control 
(on bit basis) 



P3FC write 



S 

Output 
latch 



P3 write 



C p.^^/ Programmable ^ 
H \ pull-up / 

□ P34 (BUSRQ) 



Internal 
BUSRQ 



P3 read 



Figure 3.5 (7). Port 3 (P33, P34) 
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Port 3 Register 



P3 

{0007H) 





7 6 : 5 : 4 i 3 ; 2 ; 1 





bit Symbol 


P37 P36 P35 P34 P33 P32 P31 


P30 


Read/Write 


R/W 


After reset 


Input mode (pulled-up) 


Output mode 


1 i 1 ; 1 : 1 i 1 ; 1 


1 


1 



Port 3 Control Register 



P3CR 
(OOOAH) 





7 ! 6 ; 5 


4:3:2 


1 





bit Symbol 


P37C : P36C ! P3SC 


P34C P33C P32C 






Read/Write 


W 






After reset 


i i 


0:0:0 






: IN 1 : OUT 








1 



. 1/0 setting 



Port 3 Function Register 






Input 


1 


Output 



P3FC 
(OOOBH) 





7 


6 


S 


; 4 i 3 


2 


1 





bit Symbol 


P37F 


P36F 


P3SF 


P34F i 


-"-^1 P32F 


P31F 


P30F 


Read/Write 


W 


After reset 








\ 


1 i 











Function 


: PORT 

1 : RAS 


io : PORT 
h : R/W 


io : PORT 
h : BUSAK 


jO : PORT i 
h : BUSRQ j 


io : PORT 
jl : HWR 


io : PORT 
il : WR 


jo : PORT 
h : RD 



Read-modify-write is 
prohibited for registers 
P3CR and P3FC. 



• BUSRQ setting 



P3FC <P34F> 


1 


P3CR <P34C> 





BUSAKsetting 


P3FC<P35F> 




P3CR<P35C> 




R/W setting 


P3FC<P36F> 




P3CR <P36C> 




RAS setting 


P3FC <P37F> 




P3CR <P37C> 





\^30> 





1 





"0" output 


"1" output 


1 


Always'RD 
output (for 
pseudo SRAM) 


RD output only 
for external 
access 


— *- P31 (WR) function setting 


\^31> 

<p,iifX 





1 





"0" output 


"1" output 


1 


WR output only for 
external access 



• HWR setting 



P3FC <P32F> 


1 


P3CR <P32C> 


1 



Note: When P33/WAIT pin is used as a WAIT pin, set P#CR <P33C> to "0" and Chip Select/Wait control register. 

Figure 3.5 (8). Registers for Port 3 
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3.5.5 Port 4 (P40 - P42) 

Port 4 is a 3-bit general-purpose I/O port. I/O can be set on a 
bit basis using control register P4CR and function register 
P4FG. Resetting does the following: 



In addition to functioning as a general-purpos e I/O port, 
Port 4 also fun cti ons as a chip select output signal (CSO to 
CS2 or CASO to CAS2). 



- Sets the P40 and P42 output latch registers to 1 . 

- Resets all bits of the P42 output latch register, the control 
register P4CR, and the function register P4FG to 0. 

- Sets P40 and P41 to input mode and connects a pull-up 
resistor. 

- Sets P42 to input nnode and connects a pull-down resistor. 
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Reset 

— -1. , 

Direction 
control 
(on bit basis) 

P4CR write 



Function 
control 
(on bit basis) 



P4FC write 



S 

Output 
latch 



P4 write 



r~ p.Q\^( Programmable ^ 
Hi n pull-up / 



Output buffer 



CSO/CASO. CS1/CAS1 



P4 read 



Reset 

± 



Direction 
control 
(on bit basis) 



P4CR write 



Function 
control 
(on bit basis) 



P4FC write 



s 

Output 
latch 




A 


Selector 




B 

r 


4 . 
P4 write 



P4 read 



-O P40 (CSO/CASO), 
P41 (CS1/CAS1) 




O P42 (CS2/CAS2) 



Figure 3.5 (9). Port 4 
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Port 4 Register 





7 


6 


5 


4 


3 


2 ; 1 i 


bit Symbol 












P42C P41C P40C 


Read/Write 












R/W 


After reset 












Input mode 












(Pull-down) 


1 (Pull-up) 


1 (Pull-up) 


Port 4 Control Register 




7 


6 


5 


4 


3 


2 ; 1 ; 


bit Symbol 












P42C P41C P40C 


ReadA/Vrite 












W 


After reset 































: IN 1 : OUT 



P4 

(OOOCH) 



P4CR 
(OOOEH) 



P4FC 
(OOlOH) 



Port 4 Function Register 



"►I/O setting 






Input 


1 


Output 





7 


6 5 


4 


3 


2 : 1 ;■ 


bit Symbol 










P42F P41F P40F 


ReadA/Vrite 










W 


After reset 










; i 


Function 










: PORT 1 : CS/CM 



Read-modify-write is not 
possible for P4CR or P4FC 






Port (P40) 


1 


CSO/CASO 







Port(P41) 


1 


CST/CAST 







Port(P42) 


1 


CS2/CAS2 



Note: To output chip select signal (CSO/CASO to CS2/CAS2), set the corresponding 
bits of the control register P4CR and the function register to P4FC. 
The BOCS, B1C S, an d B2CS registers of the chip select/wait controller are used 
to select the CS/CAS function. 

Figure 3.5 (10). Registers for Port 4 
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3.5.6 Port 5 (P50 - P53) 

Port 5 is a 4-bit input port, also used as an analog Input pin. 



-Q Ports 



Port 5 read 



P50~P53 
(AN0~AN3) 



AD read 



Conversion 
result 
register 



A/D 
converter 



Channel 
selector 



Figure 3.5 (11). Port 5 



Port 5 Register 




Note: The input channel selection of A/D Converter is set by A/D Converter nnode register ADM0D2. 

Figure 3.5 (12). Registers for Port 5 
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3.5.7 Port 6 (P60 - P67) 

Port 6 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis. Resetting sets Port 6 as an input port and connects 
a pull-up resistor It also sets all bits of the output latch to 1 . In 
addition to functioning as a general-purpose I/O port, Port 6 
also functions as a pattern generator PG0/PG1 output. PGO is 



assigned to P60 to P63; PG1 , to P64 to P67. Writing 1 in the 
corresponding bit of the port 6 function register (P6FC) 
enables PG output. Resetting resets the function register 
P6FC value to 0, and sets all bits to ports. 



Direction control 
(on bit basis) 



P6CR write 



Function control 
(on bit basis) 

} 

P6FC write 
\ 



S 

Output 
latch 



P6 write 



A 5 
Selector 



S 

B 

Selector 



ip-ch 



[ Programmable | 
\^ pull-up J 

— CH ^^'^^ 
P60~P67 
(PGO0-PG13) 



Figure 3.5 (13). Port 6 
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Port 6 Register 





7 


6 


; 5 


4:3; 


2 


1 





bit Symbol 


P67 


P66 


P65 


P64 P63 


P62 


P61 


P60 


Read/Write 


R/W 


After reset 


Input mode (Pull-up) 


1 ; 1 ; 1 


1 i 1 1 1 


1 


1 


Port 6 Control Register 




7 


6 


•; 5 


: 4 ; 3 i 


2 


1 





bit Symbol 


P67C 


P66C 


I P65C 


P64C P63C 


P62C 


P61C 


P60C 


Read/Write 


W 


After reset 











; i 











Function 









IN 1 : OUT 









Port 6 I/O setting 






Input 


1 


Output 



Port 6 Function Register 





7 


6 


5 


4 


3 


2 


1 


bit Symbol 


P67F 


\ P66F 


P65F 


P64F 


P63F 


P62F 


P61F P60F 


Read/Write 


W 


After reset 























Function 





PORT 


1 : PG1-0UT 







PORT 


1 : PGO-OUT 







Read-modify-write is 
prohibited for registers 
P6GR and P6FC. 



Port 6 function setting 



General-purpose port 



Stepping motor control / Pattern 
generation port 



Figure 3.5 (14). Registers for Port 6 
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3.5.8 Port 7 (P70 - P73) 

Port 7 is a 4 -bit general-purpose I/O port. I/O can be set on bit 
basis. Resetting sets Port 7 as an input port and connects a 
pull-up resistor. In addition to functioning as a general-purpose 
I/O port, Port 70 also functions as an input clock pin TIO; Port 



71 as an 8-bit timer output (T01), Port 72 as a PWMO output 
CT02), and Port 73 as a PWM1 output (JOS) pin. Writing 1 in 
the corresponding bit of the Port 7 function register (P7FC) 
enables output of the timer. Resetting resets the function regis- 
ter P7FC value to 0, and sets all bits to ports. 



Timer F/FOUT 



/'TOl : Timer 1 \ 
( T02. Timer2 ) 
Vt03 : Timer 3 / 



Direction control 
(on bit basis) 

4 

P7CR write 



3_ 



Output latch 



— r~ 

P7 write 



S B 

Selector 
A 



R^et 



Direction control 
(on bit basis) 



P7CR write 

IZi 



Function control 
(on bit basis) 

— J 

P7FC write 
^ 



Output latch 
f 



A S 
Selector 
B 



B 

Selector 
S A 



{>- 



I — 1»- 



/ Programmable \ 
\^ pull-up J 

— n P70 
^ (TIO) 



-id-P-chl Programmable ) 
1^ \^ pull-up J 



-Q P71~P73 
(T01-T03) 



Figure 3.5 (15). Port 7 
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P7 
(0013H) 



P7CR 
(001 5H) 



P7FC 
(0017H) 



Port 7 Register 





7 


6 


5 


4 


3 ; 2 : 1 : 


bit Symbol 










P73 P72 P71 P70 


Read/Write 










R/W 


After reset 










Input mode (Pull-up) 










1 : 1 : 1 : 1 



Port 7 Control Register 





7 


6 


5 


4 ; 3 i 2 


1 





bit Symbol 








P73C P72C 


P71C 


P70C 


ReadAA/rite 








W 


After reset 








i ; 








Function 








: IN 1 : OUT 


1 



.Port 7 I/O setting 



Port 7 Function Register 






Input 


1 


Output 





7 


6 


5 


4:3 = 2:1 





bit Symbol 










P73F P72F P71F 




Read/Write 










W 




After reset 





















Function 










: PORT 
1 :T03 


: PORT 

1 :T02 


: PORT 
1 :T01 





Read-modify-write is 
prohibited for registers 
P7CR and P7FC. 



1 »■ Setting P71 asTOI 



P7FC <P71F> 




P7CR<P71C> 




Setting P72 as T02 


P7FC<P72F> 




P7CR<P72C> 




Setting P73 as T03 


P7FC<P73F> 




P7CR <P73C> 





Note : P70/TI0 pin does not have a register changing PORT/FUNCTION. 

For example, when it is used as an input port (P70), the input signal for P70 is inputted to 8bit Timer 
as a timer input (TIO). 



Figure 3.5 (16). Registers for Port 7 
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3.5.9 Port 8 (P80 - P83) 

Port 8 is an 8-bit general -purpose I/O port. I/O can be set on a 
bit basis. Resetting sets Port 8 as an input port and connects 
a pull-up resistor. It also sets all bits of the output latch register 
P8 to 1 . In addition to functioning as a general-purpose I/O 
port, Port 8 also functions as an input for 1 6-bit timer 4 and 5 



clocks, an output for 1 6-bit timer F/F 4, 5 and 6 output, and an 
input for INTO. Writing 1 in the corresponding bit of the Port 8 
function register (P8FC) enables those functions. Resetting 
resets the function register P8FG value to 0, and sets all bits to 
ports. 



(1) P80~P86 



TI4,TI5 
TI6,TI7 



Timer F/F OUT 



/'TOA : Timer 4 
I T05 : Timer 5 
\J06 : Timers 



Direction control 
(on bit basis) 



Output latch 



J 

P8 write 



P8 read 



S B 
Selector 
A 



Reset 



Direction control 
(on bit basis) 



Function control 
(on bit basis) 



Output latch 



— r~ 

P8 write 



A S 

Selector 
B 



B 

Selector 
S A 



I — 1»- 



I Programmable ] 
\^ pull-up J 



_r~|P80 (TI4/INT4) 
^P81 {TI5/INT5) 
P84 (TI6/INT6) 
P85 (TI7/INT7) 



jpLp-chf Programmable 
■h" I pull-up 



-D>- 



__rn P82(T04) 
^ P83(TOS) 
P86(T06) 



Figure 3.5 (17). Port 8 (P80 - P86) 
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(2) P87 (INTO) an INTO pin for external interrupt request input. 

Port 87 is a general-purpose I/O port, and also used as 



Direction 
control (on 
bit basis) 



P8CR write 



Output latch 



S f 
Selector 



rH»- 



^> 



(Programmable ^ 
pull-up J 

□ P87 (INTO) 



INTO interrupt 




Level/edge 
detect 



IIMC<IOIE> ||MC<IOLE> 



Figure 3.5 (18). Port 87 
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Port 8 Register 





7 


6 


5 ; 4 ; 3 


2 


1 





bit Symbol 


P87 


P86 


P8S P84 P83 


P82 


P81 


P80 


Read/Write 


RW 


After reset 


Input mode 


1 i 1 i 1 i 1 i 1 i 1 : 1 i 1 



Port 8 Control Register 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


P87C 


P86C 


P85C 


P84C 


P83C 


P82C 


P81C 


P80C 


Read/Write 


W 


After reset 


























Function 






0: IN 




1 : OUT 













Port 8 I/O setting 






Input 


1 


Output 



Port 8 Function Register 





7 


6 


5 


4 


3 2 


1 





bit Symbol 




P86F 






P83F P82F 






Read/Write 




W 






W 


W 






After reset 





















Function 




: PORT 

1 :T06 






: PORT 
1 :T05 


: PORT 
1 :T04 







Read-modify-write is 
prohibited for registers 
P8CR and P8FC. 



' Setting P82 as T04 



P8FC<P82F> 




P8CR <P82C> 




Setting P83 as T05 


P8FC <P83F> 




P8CR <P83C> 




Setting P84 as T06 


P8FC<P86F> 




P8CR<P86C> 





Note : P80/TI4, P81/T1 5, P84/TI6, P85/TI7 pins do not have a register changing PORT/FUNCTION. 
Therefore this is the same as P70/TI0 pin. 

When P87/1NT0 pin is used as an INTO pin, set P8CR<P87C> to "0" and IIMC<IOIE> to "1". 



Figure 3.5 (19). Registers for Port 8 
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3.5.10 Port 9 (P90 - P95) 

Port 9 is a 6-bit general-purpose I/O port. I/Os can be set on a 
bit basis. Resetting sets Port 9 to an input port and connects a 
pull-up resistor. It also sets all bits of the output latch register to 
1. 

In addition to functioning as a general-purpose I/O port, Port 9 
can also function as an I/O for serial channels and 1 . Writing 
1 in the corresponding bit of the port 9 function register (P9FC) 
enables this function. 



Resetting resets the function register value to and sets 
all bits to ports. 

(1 ) Port 90 and 93 (TXDO/TXDI ) 

Ports 90 and 93 also function as serial channel TXD 

output pins in addition to I/O ports. 

They have a programmable open drain function. 



Direction control 
(on bit basis) 



Function control 
(on bit basis) 



P9FC write 



Output latch 



P9 write 



A S 
Selector 



r-l>>- 



ip-ch 



Open drain 
possible 
ODE<ODE1,0> 



/ Programmable \ 
\^ pull-up J 

— rn P90(TXD0) 
P93 (TXD1) 



Figure 3.5 (20). Ports 90 and 93 
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(2) Ports 91 and 94 (RXDO, 1) input pins for serial channels. 

Ports 91 and 94 are I/O ports, and also used as RXD 



Direction 
control (on 
bit basis) 



— r~ 

P9 write 



S B 
Selector 



—Jji-P-ch (Programmable \ 
\pull-up J 



-O P91 (RXDO) 
P94(RXD1) 



Figure 3.5 (21). Ports 91 and 94 



(3) Port 92 (CTS/SCKLO) 

Port 92 is an I/O port. It is also used as a GTS input pin 



for serial channelO; additionally, the CTSO pin, and also 
as a SGKLO I/O pin. 



3^ 



Direction 
control (on 
bit basis) 



Direction 
control (on 
bit basis) 

1 ' 

P9FC write 



— T — 

P9 write 



Output latch 



SCLKO IN 
CTSO 



-|^P-ch 



I Programmable j 
\pull-up J 

n P92 (CTSO/SCLKO) 



Figure 3.5 (22). Port 92 
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(4) Port 95 (SCLK) 

Port 95 is a general-purpose I/O port. It is also used as 



an SCLK I/O pin for serial channel 1 . 









Direction 
control 
(on bit basis) 






P9CR write 






Function 
control 
(on bit basis) 






f 

P9FC write 



Output latch 



P9 write 



A S 
Selector 



Selector 



ip-ch 



4>- 



I Programmable j 
— □ P95 (SCLK1) 



Figure 3.5 (23). Port 95 
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Port 9 Register 





7 


6 


5 4 


3 2 


1 


bit Symbol 




P95 P94 


P93 P92 


P91 P90 


Read/Write 






R/W 


After reset 






Input mode 






1 1 


1 1 


1 i 1 



Port 9 Control Register 





7 


6 


5 


4 i 3 i 2 


1 





bit Symbol 






P95C 


P94C P93C i P92C 


P91C 


P90C 


Read/Write 






W 


After reset 









; i 








Function 






0:IN 1:0UT 



Port 9 I/O setting 






Input 


1 


Output 



Port 9 Function Register 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 






P95F 




P93F 


P92F 




P90F 


ReadA/Vrite 






W 




W 


W 




W 


After reset 






















Function 






: PORT 
1 :SCLK1 




: PORT 

1 :TxD1 


: PORT 
1 : SCLKO 




: PORT 
1 : TxDO 



Note : Only the 

TMP96CM40/TMP96PM40/ 
TMP96C 14 1 A/TMP96C04 1 A 
have register P92F. That is, 
SCLKO cannot be specified for 
theTMP96C141. 



P90 TxDO output setting (Note) 



P9FC <P90F> 


1 


P9CR<P90C> 


1 



P93 TxDI output setting (Note) 



P9FC <P93F> 


1 


P9CR<P93C> 


1 



P95 SCLK output setting 

P9FC<P95F> 1^ 

P9CR<P95C> 1 



Note : To set the TxD pin to open drain, write 1 in bit (for TxDO pin) or bit 1 (for TxDl pin) of the 
ODE register. 

P91/RXD0, P94/RXD1 pins do not have a register changing PORT/FUNCTION. 
Therefore this is the same as P70/TI0 pin. 



Figure 3.5 (24). Registers for Port 9 
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3.6 Chip Select/Wait Control 

TMP96C141 AF has a built -in chip select/wai t contr oller used 
to control chip select (CSO - CS2 pins), wait (WAIT pin), and 
data bus size (8 or 1 6 bits) for any of the three block address 
areas. 

3.6.1 Control Registers 

Table 3.6 (1) shows control registers 

One block address areas are controlled by 1 -byte CS/ 
WAIT control registers (BOGS, B1CS, and B2CS). Registers 
can be written to only when the CPU is in system mode. (There 
are two CPU modes: system and normal.) The reason is that 
the settings of these registers have an important effect on the 
system. 

(1) Enable 

Control register bit 7 (BOE, B1 E, and B2E) is a master 
bit used to specify enable (1)/disable (0) of the setting. 
Resetting BOE and B1 E to disable (0) and B2E to 
enable (1). 

(2) System only specification 

Control register bit 6 (BOSYS, B1SYS, and B2SYS) is 
used to specify enable/disable of the setting depend- 
ing on the CPU operating mode (system or normal). 
Setting this bit to enables setting (Address space for 
CS, Wait state, Bus size, etc.) regardless of the CPU 
operating mode; setting it to 1 enables setting in sys- 
tem mode but disables setting in normal mode. 
Resetting clears bit 6 to 0. 

Bit 6 is mainly used when external memory data should 
not be accessed in normal mode (i.e., for system mode 
only memory data for the operating system). 

(3) CS/CAS Waveform select 

Control register bit 5 (BOCAS, B1CAS, and B2CAS) is 
used to sp ecify wave for m mode ou tput from the chip 
select pin (CSO/CASO - CS2/CAS2). Setting this bit to 
specifi es CSO to CS2 w aveforms; setting it to 1 
specifies CASO to CAS2 waveforms. 
Resetting clears bit 5 to 0. 

(4) Data bus size select 

Bit 4 (BOBUS, B1 BUS, and B2BUS) of the control reg- 



ister is used to specify data bus size. Setting this bit to 
accesses the memory in 1 6-bit data bus mode; set- 
ting it to 1 accesses the memory in 8-bit data bus 
mode. 

Changing data bus size depending on the access 
address is called dynamic bus sizing. Table 3.6 (2) 
shows the details of the bus operation. 

(5) Wait control 

Control register bits 3 and 2 (B0W1 , 0; B1 W1 , 0; B2W1 , 
0) are used to specify the number of waits. Setting these 
bits to 00 inserts a 2-state wait regardless of the WAIT 
pin status. Settin g them to 01 inserts a 1 -state wait 
regardless of the WAIT status. Setting them to 10 
inserts a 1 -state wait and samples the WAIT pin status. 
If the pin is low, inserting the wait maintains the bus 
cycle until the pin goes high. Setting them to 1 1 com- 
pletes the bus cycle without a wait regardless of the 
WAIT pin status. 

Resetting sets these bits to 00 (2-state wait mode). 

(6) Address area specification 

Control register bits 1 and (B0C1 , 0; B1 C1 . 0; B2C1 , 
0) are used to specify the target address area. Setting 
these bits to 00 enables settings (CS output. Wait 
state, Bus size, etc.) as follows: 

* CSO setting enabled when 7F00H to 7FFFH is 
accessed. 

* CS1 setting enabled when 480H to 7FFFH is 
accessed. 

* CS2 setting enabled when 8000H to 3FFFFFFH is 
accessed, for the TMP96C141 , which does not have a 
built-in ROM. 

CS2 setting enabled when 10000H to 3FFFFFH is 
accessed for the TMP96CM40/TMP96PM40, which 
has built-in 
ROM/PROM 

Setting bits to 01 enables settin g for all OS's bl ocks 
and ou tputs a low strobe signal (CSO/CASO ~ CS2/ 
CAS2) from chip select pins when 400000H to 
7FFFFFH is accessed. Setting bits to 10 enables them 
800000H to BFFFFFH is accessed. Setting bits to 1 1 
enables them when COOOOOH to FFFFFFH is 
accessed. 
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Table 3.6 (1) Chip Select/Wait Control Register 



Code 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





BOCS 


BlockO 
CS/WAIT 
control 
register 


0068H 


BOB 


BOSYS 


BOCAS 


BOBUS 


B0W1 


BOWO 


B0C1 


BOCO 


W 


W 


W 


W 


W 


W 


W 


W 


























1 : CS/CAS 
Enable 


1 : SYSTEM 
only 


0:CSO 
1 : CASO 


0: 16-bit 
Bus 

1: 8-bit 
Bus 


00 
01 
10 
11 


2WAIT 
1WAIT 
IWAIT + n 
OWAIT 


00 
01 
10 

11 


7F00H~7FFFH 
400000H~ 
800000H~ 
COOOOOH- 


B1CS 


Blockl 
CS/WAIT 
control 
register 


0069H 


B1E 


B1SYS 


B1CAS 


B1BUS 


B1W1 


B1W0 


B1C1 


B1C0 


W 


W 


W 


W 


W 


W 


W 


W 


























1 : CS/CAS 
Enable 


1: SYSTEM 
only 


0:CST 
1 : CAS1 


0: 16-bit 
Bus 

1 : 8-bit 
Bus 


00 
01 
10 
11 


2WAIT 
1WAIT 
IWAIT + n 
OWAIT 


00 
01 
10 

11 


480H ~ 7FFFH 
400000H~ 
800000H ~ 
COOOOOH- 


B2CS 


Block2 
CS/WAIT 
control 
register 


006AH 




B2SYS 


B2CAS 


B2BUS 


B2W1 


B2W0 


B2C1 


B2C0 




W 


W 


W 


W 


W 


W 


W 


^^^^^ 


























1 : SYSTEM 
only 


0:CS2 
1 : CAS2 


0: 16-bit 
Bus 

1 : 8-bit 
Bus 


00 
01 
10 
11 


2WAIT 
1WAIT 
IWAIT+n 
OWAIT 


00 
01 
10 
11 


8000H~ 
400000H ~ 
800000H~ 
COOOOOH- 



Note: With only block 2, enable (1 6-bit data bus, 2-wait mode) after reset. 
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Table 3.6 (2) Dynamic Bus Sizing 



Operand 
Data Size 


Operand 
Start Address 


Memory 
Data Size 


CPU Address 


CPU Data 


D15 - D8 


D7-D0 


8 bits 


2n + 
(even number) 


8 bits 


2n + 


xxxxx 


b7-b0 


16 bits 


2n + 


xxxxx 


b7-b0 


2n + 1 
(odd number) 


8 bits 


2n + 1 


AAAAA 


b7-b0 


16 bits 


2n + 1 


b7-b0 


xxxxx 


16 bits 


2n + 
(even number) 


8 bits 


2n + 
2n + 1 


xxxxx 
xxxxx 


b7-b0 
b15-b8 


16 bits 


2n + 


b15-b8 


b7-b0 


2n + 1 
(odd number) 


8 bits 


2n + 1 
2n + 2 


xxxxx 
xxxxx 


b7-b0 
b15-b8 


16 bits 


2n + 1 
2n + 2 


bZ-bO 
xxxxx 


xxxxx 
b15-b8 


32 bits 


2n + 
(even number) 


8 bits 


2n + 
2n + 1 
2n + 2 
2n + 3 


xxxxx 
xxxxx 
xxxxx 
xxxxx 


b7- bO 
b15- b8 
b23-b16 
b31-b24 


16 bits 


2n + 
2n + 2 


b15-b8 
b31-b24 


b7- bO 
b23-b16 


2n + 1 
(odd number) 


8 bits 


2n + 1 

On 1 

2n + 3 
2n + 4 


xxxxx 
xxxxx 
xxxxx 
xxxxx 


b7- bO 
b15- b8 
b23-b16 
b31-b24 


16 bits 


2n + 1 
2n + 2 
2n + 4 


b7-b0 
b23-b16 
xxxxx 


xxxxx 
b15- b8 
b31-b24 



xxxxx: During a read, data input to the bus is ignored. At write, the bus is at high impedance and the write strobe signal remains non-active. 



MCU900-50 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C141AF 



3.6.2 Chip Select Image 

An image of the actual chip select is shown below. Out of the 
whole memory area, address areas that can be specified are 
divided into four parts. Addresses from (X)0O0OH to 3FFFFFH 
are divided differently: 7F00H to 7FFFH is specified for CSO; 
480H to 7FFFH, for CS1 ; and 8000H to 3FFFFFH, for CS2. 
The reason is that a device other than ROM (i.e., RAM or I/O) 
might be connected externally 

The addresses 7F00 to 7FFFH (256 bytes) for CSO are 
mapped mainly for possible expansions to external I/O. 

The addresses 480H to 7FFFH (approximately 31 K 



bytes) for CS1 are mapped there mainly for possible exten- 
sions to external RAM. 

The addresses 8000H to 3FFFFFFH (approximately 
4Mbytes) for CS2 are mapped mainly for possible extensions 
to external ROM. After reset, CS2 Is enabled in 1 6-bit bus and 
2-wait. With the TMP96C141AF, which does not have a built- 
in ROM, the program is externally read at address 8000H in 
this setting (16-bit bus, 2-wait). With the TMP96CM40F/ 
TMP96PM40F, which has a built-in ROM, addresses from 
8000H to FFFFFH are used as the internal ROM area; CS2 is 
disabled in this area. After reset, the CPU reads the program 
from the built-in ROM in 1 6-bit bus, 0-wait mode. 



OOOOOOH 
7F00H 
8000H 
400000H 
800000H 
COOOOOH 
FFFFFFH 



CSO 



B0C1,0 = "0r* 



B0C1.0 = "10" 



B0C1.0 = "11" 



(Mainly for I/O) 



CS1 



B1C1.0 = "0r 



B1C1.0 = "10" 



Bici,o="ir' 



(Mainly for RAM) 



CS2 




B2C1,0 = 


"00" 


B2C1,0 = 


"01" 


B2C1,0 = 


"10" 


B2C1.0 = 


"11" 



(Mainly for ROM) 



Supplement 1 : Access priority is highest for b uilt -in I/O , then built-in memory, and lowest for the chip select/wait controller. 

Supplement 2: External areas other than CSO to CS2 are accessed in 1 6-bit data bus (0 wait) mode. 

When using the chip select/wait controller, do not specify the same address area more than once. (However, when addresses 7F00H - 7FFFH 
for CSO and 480H - 7FFFH for CS1 are specified, in other words, specifications overlap, only the CSO setting/pin is active.) 
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3.6.3 Example of Usage 

Figure 3.6 (1) is an example in which an external mennory is con- 



nected to the TMF96C141 AF. In this example, a ROM Is con- 
nected using 16-bit Bus; a RAM is connected using 8-bit Bus. 



TMP96C141 



cso 

C$1 
CS2 
ALE 
ADS 

s 

AD15 

ADO 

S 

AD7 

RD 
WR 



74HC573 



fXLT 



cs 



Upper byte 
ROM 



cs 



Lower byte 
ROM 



12L 



TIL 



cs 



8 bit Bus 
RAM 



7T 



\7 



12. 



cs 

8 bit Bus 
I/O 



Figure 3.6 (1). Example of External Memory Connection (ROM = 16 bits, RAM and I/O = 8 bits) 

Res etting sets pins CSO to CS2 to input port mod e. CS O low due to an internal pull-down resistor. The program used to 
and CS1 are set high due to an internal pull-up resistor; CS2, set these pins is as follows: 



P4CR 


EQU 


OEH 




P4FC 


EQU 


10H 




BOCS 


EQU 


68H 




B1CS 


EQU 


69H 




B2CS 


EQU 


6AH 




LD 


(BOCS). 


90H 


;CSO= 8bits,2WAIT.7F00H~7FFFH 


LD 


(B1CS), 


9CH 


;CS1= 8bits,0WAIT,480H~7EFFH 


LD 


(B2CS), 


84H 


; CS2 = 16 bits, 1 WAIT. 8000H ~ 3FFFFFH 


LD 


{P4CR), 


07H 


) CSO, CST, output mode setting 


LD 


(P4FC). 


07H 
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3.6.4 How to Start with an 8-Bit Data Bus 

Resetting sets the CS2 pin low due to an internal pull-down 
resistor; memory access starts in 1 6-bit data bus (2-wait) 



mode. To start in 8-bit data bus mode, a special operation is 
required. Operation is as described in the example below: 



B2CS EQU 6AH 
ORG 8000H 
LDX (B2CS), 9CH 



CS2 register address 

RESET address 

CS2 8-bit, OWAIT.BOOOH- 



After reset, the program reads the LDX (B2CS), 9CH 
instruction in 1 6-bit data bus mode. LDX is a 6-byte instruc- 
tion: the 2nd, 4th and 6th bytes are handled as dummies (i.e. 
only codes in the 1 st, 3rd and 5th bytes are actually used). 
Even if starting in 8-bit data bus mode, it is possible to pro- 
gram so that the LDX instruction is executed and the block 2 



area (8000H - 3FFFFFH) is accessed in 8-bit data bus mode 
without any problem. 

The above program does not include setting the P42/ 

CS2 pin to output; add a program to set the P4CR and P4FC 
registers as required. 



TLCS-900 
(TMP96C141) 



Address latch EPROM 



AD8~15 



ADO-7 
ALE 
RD 
CS2 



D Q 
G 

D Q 
G 



A15 
i 

A8 

A7 
1 

AO 

D7 
S 

DO 
OE 
CS 



TLCS-900 


8000H 


F7 


8001 H 


77 


8002 H 


6A 


8003 H 


?? 


8004H 


9C 


8005H 


?? 







Operation after reset 

EPROM 



F7 



00 



6A 



9C 



00 



?? : don't care 



> LDX (6AH), 9CH 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



MCU900-53 



TMP96C141AF 



TLCS-900 16-bit Microcontroller 



3.7 8-bit Timers 

The TMP96C141 AF contains two 8-bit timers (timers and 1), 
each of which can be operated independently. The cascade 
connection allows these timers to be used as 16-bit timer. The 
following four operating modes are provided for the 8-bit tim- 
ers. 

• 8-bit interval timer mode (2 timers) 

• 1 6-bit interval timer mode (1 timer) 

• 8-bit programmable square wave pulse generation {PPG : 
variable duty with variable cycle) output mode (1 timer) 

• 8-bit pulse width modulation (PWM: variable duty with con- 



stant cycle) output mode (1 timer) 

Figure 3.7 (1) shows the block diagram of 8-bit timer 
(timer and timer 1). 

Each interval timer consists of an 8-bit up-counter, 8-bit 
comparator, and 8-bit timer register. Besides, one timer flip- 
flop (TFF1 ) is provided for pair of timer and timer 1 . 

Among the input clock sources for the interval timers, the 
internal clocks of 0T1 , 0T4, 0T16, and 0T256 are obtained 
from the 9-bit prescaler shown in Figure 3.7 (2). 

The operation modes and timer flip-flops of the 8-bit 
timer are controlled by three control registers TMOD, TFFCR, 
and TRUN. 
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TFFCR<TFF1C1.0> 



TRUN<TORUN> 



TlOpin 
^Tl(8/fc) 
^T4(32/fc) — *► 
^T16(128/fc) — ♦ 



t t 

TMOD<T0CLK1,0> 







PWMTRG , 


Select 


TREG-WR , 









TFFCR<DBEN> 




Figure 3.7 (1). Block Diagram of 8-Bit Timers (Timers and 1) 
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® Prescaier 

This 9-bit prescaier generates the clock input to the 8- 
bit timers, 1 6-bit timer/event counters, and baud rate 
generators by further dividing the fundamental clock 
(fc) after it has been divided by 4 (fc/4). 
Among them, 8-bit timer uses four types of clock: 



0T1, 0T4, 0T16, and 0T256. 
This prescaier can be run or stopped by the timer 
operation control register TRUN <PRRUN>. Counting 
starts when <PRRUN> is set to "1 ", while the prescaier 
is cleared to zero, and stops operation when 
<PRRUN> is set to "0". Resetting clears <PRRUN> to 
"0", which clears and stops the prescaier. 



Cyde 



clock ^^--^ 


16MHz 


20MHz 


?5T1 {8/fc) 


0.5/iS 


0.4//S 


95T4 (32/fc) 


2.0//S 


1.6/yS 


sJT16(128/fc) 


8.0//S 


6.4/us 


j5T256(2048/fc) 


128/iS 


102//S 



,5T0 



Oscillator 


fc J 


circuit 













(System clock) 



VSTI ^T2 ^T4 ^T8 ^T16 jlT32 ^T256 

t t t t t t T T t 



1 2 3 4 5 6 7 
9-bit prescaier 



\ run/stop & clear 
TRUN <PRRUN> 



<:lk j-ijnjiJiJTjn«riJi 




Figure 3.7 (2). Prescaier 



® Up-counter 

This is an 8-bit binary counter which counts up by the 
input clock pulse specified by TMOD. 
The input clock of timer is selected from the external 
clock from T1 pin and the three internal clocks 0T1 
(8/fc), 0T4 (32/fc), and 0T1 6 (1 28/fc), according to the 
set value of TMOD register. 
The input clock of timer 1 differs depending on the 
operation mode. When set to 1 6-bit timer mode, the 
overflow output of timer is used as the input clock. 
When set to any other mode than 1 6-bit timer mode, 
the input clock is selected from the internal clocks 0T1 
(8/fc), <^T16 (128/fc), and 0T256 (2048/fc) as well as 
the comparator output (match detection signal) of 
timer according to the set value of TMOD register. 



Example : When TMOD <T1 0M1 , 0> = 01 , the over 
flow output of timer becomes the input 
clock of timer 1 (1 6 bit timer mode). 
When TMOD <T1 0M1 , 0> = 00 and TMOD 
<T1 0LK1 , 0> = 01 , 0T1 (8/fc) becomes 
the input of timer 1 (8 bit timer mode). 

Operation mode is also set by TMOD register. When 
reset, it is initialized to TMOD <T01 Ml , 0> = 00 
whereby the up-counter is placed in the 8-bit timer 
mode. 

The counting and stop and clear of up-counter can be 
controlled for each interval timer by the timer operation 
control register TRUN. When reset, all up-counters will 
be cleared to stop the timers. 
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(D Timer register 

This is an 8-bit register for setting an interval time. 
When the set value of timer registers TREGO, TREG1 , 
matches the value of up-counter, the comparator 
match detect signal becomes active. If the set value is 
OOH, this signal becomes active when the up-counter 
overflows. 

Timer register TREGO is of double buffer structure, 
each of which makes a pair with register buffer. 
The timer flip-flop control register TFFCR <DBEN> bit 
controls whether the double buffer structure in the 



TREGO should be enabled or disabled. It is disabled 
when <DBEN> = and enabled when they are set to 
1. 

In the condition of double buffer enable state, the data 
is transferred from the register buffer to the timer regis- 
ter when the 2"-1 overflow occurs in PWM mode, or at 
the PPG cycle in PPG mode. Therefore, during timer 
mode, the double buffer cannot be used. 
When reset, it will be initialized to <DBEN> = to dis- 
able the double buffer. To use the double buffer, write 
data in the timer register, set <DBEN> to 1 , and write 
the following data in the register buffer. 



Up-counter 



Comparator (CPO) 



TV 



Timer registers (TREGO) 





Shift trigger 



Register buffers 



Selector 



Write 



Matching detection of PPG 
■ cycle 

" 2n - 1 overflow of PWM 
- TREGO WR 



3 TFFCR<DBEN> 



Internal bus 



Figure 3.7 (3). Configuration of Timer Register 



Note : Timer register and the register buffer are allocated to the same 

memory address. When <DBEN> = 0, the same value is written in 



the register buffer as well as the timer register, while when <DBEN> 
= 1 only the register buffer is written. 



The memory address of each timer register is as fol- 
lows. 

TREGO: 000022H 
TREG1:000023H 
All registers are write-only and cannot be read. 

® Comparator 

A comparator compares the value in the up-counter 
with the values to which the timer register is set. When 
they match, the up-counter is cleared to zero and an 
interrupt signal (INTTO, INTT1) is generated. If the timer 



flip-flop inversion is enabled, the timer flip-flop is 
inverted at the same time. 

(D Timer flip-flop (timer F/F: TFF1) 

The status of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval timer 
and the value can be output to the timer output pins 
T01 (also used as P71). 

A timer F/F is provided for a pair of timer and timer 1 
and is called TFF1 . TFF1 is output to T01 pin. 
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TRUN 
(0020H) 





7 


6 


5 


4 3 


2 


1 





oit bynriDOi 


PRRUN 




T5RUN 


T4RUN i PI RUN 


PORUN 


T1RUN 


TORUN 


Read/Write 


R/W 




R/W 


After reset 






















Function 


Prescaler & Timer Run/Stop CONTROL 

: Stop & Clear 

1 : Run (Count up) 



Count Operation 






stop and dear 


1 


Count 



PRRUN 


Operation of prescaler 


T5RUN 


Operation of 16-bit timer (timerS) 


T4RUN 


Operation of 1 6-bit timer (timer4) 


PIRUN 


Operation of PWM timer (PWM 1/timer3) 


PORUN 


Operation of PWM timer (PWM0/timer2) 


T1RUN 


Operation of 8-bit timer (timerl) 


TORUN 


Operation of 8-bit timer (timerO) 



Figure 3.7 (4). Timer Operation Control Register (TRUN) 
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TMOD 
(0024H) 





7 6 


5 


4 


3 


2 


1 


bit Symbol 


T10M1 ; T10M0 


PWMMl \ 


PWMMO j 


T1CLK1 


TICLKO 


T0CLK1 i TOCLKO 


Rcdd/Writc 


W 


After reset 







i 













Operation mode 


PWM cycle 




Source clock of timerl 


Source clock of timerO 




00: 8bit Timer 


00: - 




00:TO0TRG 


00:TIO 


Function 


01 : 16bit Timer 


01:26-1 




01: ,iTl 




01: fJTl 




10: abitPPG 


10:27-1 




10: ^T16 




10: ^T4 




1 1 : 8bit PWM 


1 1 : 28-1 




1 1 : ^T256 


11: fjT16 




1 1 1 



Prohibit Read 
Modify Write 



Input clock of timer 



00 


Externallnput (TIO) 


01 


jJTI (Prescaler) 


10 


^T4 (Prescaler) 


11 


55T16 (Prescaler) 


" Input clock of timer 1 




TMOD<T10IVI1,0>=^01 


TMOD 

<T10M1.0>=01 


00 


Comparator output 
of timer 


V e r f 1 w 
output of timer 



01 


Internal clock ^Tl 




10 


Internal clock ^T16 


(16-bit timer 


11 


Internal clock ^T256 


mode) 


' Select PWM cycle 


00 




01 


26-1 


10 


27-1 


11 


28-1 


Set the operation mode of 
timer and 1. 


00 


Two 8-bit timers 
(timer and timer 1) 


01 


16-bit timer 


10 


8-bit PPG output 


11 


8-bit PWM output (timer 0) 
+ 8-bit timer (timer 1) 



Figure 3.7 (5). Timer Mode Control Register (TMOD) 
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7 


6 


5 


4 


3 2 


1 


bit Symbol 








OBEN 


TFF1C1 i TFF1C0 


TFF1IE j TFF1IS 


Redd/Write 








R/W 


W 


R/W 


After reset 




















Function 




Ooubie 
buffer 
0: Disable 
1 : Enable 


00: Invert TFF1 
01:SetTFF1 
10: Clear TFF1 
1 1 : don't care 
* Always read as 


TFF1 

Inversion 
trigger 
0: Disable 
1 : Enable 


TFF1 

Inversion 
source 
0: Timer 
1 : Timer 1 



Select inverse signal of timer F/Fl 



("Don't care" except in 8-bit timer mode) 





TMOD<T10M1,0 
>=00 


01 


10 


11 





Inversion by 
timerO match 
signal 


16-bit timer mode 
Inversion by 
match signal 


PPG mode 
Inversion by 
match signal of 
each timer and 
timer 1 


PWM mode 
Inversion by 
match and 
overflow signal 
of timer 


1 


Inversion by 
timer 1 match 
signal 



Inversion of Timer F/Fl (TFFl) 






Disable invert 


1 


Enable invert 


' Control of Timer F/Fl (TFFl) 


00 


Invert the value of TFF 1 
(software inversion) 


01 


Set TFFl to "1". 


10 


ClearTFF1to"0". 


11 


Don't care 



Double Buffer Control of TREGO 






Disable double Buffer 


1 


Enable double Buffer 



Figure 3.7 (6). Timer Ftip-Flop Control Register (TFFCR) 
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The operation of 8-bit tinners will be described below: 
(1) 8-bit timer mode 

Two interval timers 0, 1 , can be used independently as 
8-bit interval timer. All interval timers operate in the 
same manner, and thus only the operation of timer 1 
will be explained below. 



® Generating interrupts in a fixed cycle 

To generate timer 1 interrupt at constant intervals using 
timer 1 (INTT1), first stop timer 1 then set the operation 
mode, input clock, and a cycle to TMOD and TREG1 
register, respectively Then, enable interrupt INTT1 and 
start the counting of timer 1 . 



Example: To generate timer 1 interrupt every 40 
microseconds at fc = 1 6 MHz, set each 
register in the following manner. 



MSB LSB 
7 6 5 4 3 2 1 

TRUN ^-x----0- Stop timer 1, and clear it to "0". 

TMOD <-00xx01-- Set the 8-bit timer mode, and select 0T1 (0.5fiS@fc = 16MHz) as the input clock. 

TREG1 4- 1 1 Set the timer register at 40ps 0T1 = 50H. 

INTET10 f- 1 1 1 - - - - Enable INTT1. and set itto "Level 5". 

TRUN <- 1 X - - - - 1 - Start timer 1 counting. 

Note: x; don't care -; no change 



Use the following table for selecting the input clock. 



Table 3.7 (1) 8-Bit Timer Interrupt Cycle and Input Clock 



Input Clock 


Interrupt Cycle 
(at fc» 16MHz) 


Resolution 


Interrupt Cycle 
(at fcs 20MHz) 


Resolution 


0T1 {8/fc) 


0.5ms ~128ms 


0.5ms 


0.4ms ~ 102.4ms 


0.4ms 


(^T4{32/fc) 


2ps~ 512ns 


2ms 


1.6ms ~ 409.6ms 


1.6ms 


0T16{128/fc) 


8|js ~ 2.048ms 


8ms 


6.4ms ~1.638ms 


6.4ms 


0T256(2O48/fc) 


128ms ~ 32.708ms 


128ms 


102.4ms ~ 2.621ms 


128ms 



Note: The input clock of timer and timer 1 are different from as follows: 
Timer 0: T10 input, 0T1, 0T4. f[^6 
Timer 1 : Match Output of Timer 0, <{>J^ , <j>T^ 6, 0T256 
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® Generating a 50% duty square wave pulse 

The timer flip-flop (TFF1) is inverted at constant inter- 
vals, and its status is output to tinner output pin (T01). 



T01 pin at fc = 16MHz, set each register in 
the following procedures. Either timer or 
timer 1 may be used, but this example uses 
timer 1 . 



Example: To output a 3.0ns square wave pulse from 



7 6 5 4,3 2 1 

TRUN ^-x----0- Stop timer Land clear it to "0". 

TMOD <- X X 1 - - Set the 8-bit timer mode, and select 0T1 (0.5|js@fc = 16MHz) as the input clock. 

TREG1 <- 1 1 Set the timer register at 3.0ms +011 +2 = 3. 

TFFCR ^ _ _ _ _ 1 1 1 Clear TFF1 to "0", and set to invert by the match detect signal from timer! 



) Select P71 asTOI pin. 



P7CR <- X X X X - - 1 

P7FC X X X X - - 1 

TRUN <- 1 X - - - - 1 - Start timer 1 counting. 

Note: x; don't care -; no change 




Figure 3.7 (7). Square Wave (50% Duty) Output Timing Chart 
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Making timer 1 count up by match signal from timer 
comparator 



Set the 8-bit timer mode, and set the comparator out- 
put of timer as the input clock to timer 1 . 



Comparator output 
(Timer match) 

Timer up-counter 
(when TREGO = 5) 

Timer 1 up-counter 
(whenTREGI =2) 

Timer 1 match output- 



JL 



Z)GDCIXIXI)(IXI)(I)CiXIXIXIXI)C 



X 
Jl 



Figure 3.7 (8). Timer 1 Count Up by Timer 



® Output inversion with software 



Note: The value of timer register cannot be read. 



The value of timer flip-flop (TFF1) can be inverted, inde- 
pendent of timer operation. 
Writing "00" into TFFCR <TFF1 C1 , 0> (memory 
address: 000025h of bit 3 and bit 2) inverts the value of 
TFF1. 

(D Initial setting of timer flip-flop (TFF1) 

The value of TFF1 can be initialized to "0" or "1 ", inde- 
pendent of timer operation. 
For example, write "1 0" in TFFCR <TFF1 C1 , 0> to 
clear TFF1 to "0", while write "01 " in TFFCR <TFF1 C1 , 
0>tosetTFF1 to"1". 



(2) 16-bit timer mode 

A 1 6-bit interval timer is configured by using the pair of 
timer and timer 1 . 

To make a 1 6-bit inten/al timer by cascade connecting 
timer and timer 1 , set timer 0/timer 1 mode register 
TMOD<T10M1.0>to"0, 1". 
When set in 1 6-bit timer mode, the overflow output of 
timer will become the input clock of timer 1 , regard- 
less of the set value of TMOD <T1 CLK1 , 0>. Table 3.7 
(2) shows the relation between the cycle of timer (inter- 
rupt) and the selection of input clock. 



Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock 



Input Clock 


Interrupt Cycle 
(at fc» 16MHz) 


Resolution 


Interrupt Cycle 
(atfc»20IVIHz) 


Resolution 


0T1 (8/fc) 


0.5|js ~ 32.786ms 


0.5ms 


0.4ms ~ 26.214ms 


0.4ms 


0T4(32/fc) 


2ms -131 .072ms 


2ms 


1.6MS~1Q4.857ms 


1.6ms 


0T16(128/fc) 


8|js ~ 524.288ms 


8ms 


6.4ms~ 419.430ms 


6.4ms 
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The lower 8 bits of the timer (interrupt) cycle are set by 
the timer register TREGO, and the upper 8 bits are set 
by TREG1 . Note that TREGO always must be set first. 
(Writing data into TREGO disables the comparator tem- 
porarily, and the comparator is restarted by writing 
data into TREG1.) 

Setting example: To generate an interrupt INTT1 every 
0.5 seconds at fc = 1 6MHz, set the 
following values for timer registers 
TREGO and TREG: 

When counting with input clock of 
0T16(8ns@16MHz) 

0.5 sec ^ 8^is = 62500 = F424H 

Therefore, set TREG1 = F4H and 
TREGO = 24H, respectively 



The comparator match signal is output from timer 
each time the up-counter UGO matches TREGO, where 
the up-counter UGO is not to be cleared. 
With the timer 1 comparator, the match detect signal is 
output at each comparator timing when up-counter 
UC1 and TREG1 values match. When the match 
detect signal is output simultaneously from both com- 
parators of timer and timer 1 , the up-counters UCO 
and UC1 are cleared to "0", and the interrupt INTT1 is 
generated. If inversion is enabled, the value of the timer 
flip-flop TFF1 is inverted. 

Example: When TREG1 = 04H and TREGO = 80H 



(ua?ucof"'^°""^^'^ ^^^^^ ^^^^^ ^^^^^ 



Timer comparator 
match detect signal 



Interrupt I NTT 1 



Timer output T01 j Inversio n 



Figure 3.7 (9). Output Timer by 16-Bit Timer Mode 



(3) 8-bit PPG (Programmable Pulse Generation) Output 
mode 

Square wave pulse can be generated at any frequency 
and duty by timer and timer 1 . The output pulse may 
be either low-active or high-active. In this mode, timer 
1 cannot be used. 

Timer outputs pulse to T01 pin (also used as P70). 
In this mode, a programmable square wave is gener- 
ated by inverting timer output each time the 8-bit up- 



counter (UGO) matches the timer registers TREGO and 
TREG1. 

However, it is required that the set value of TREGO is 

smaller than that of TREG1 . 

Though the up-counter (UC1) of timer 1 is not used in 

this mode, UC1 should be set for counting by setting 

TRUN<T1RUN>to1. 

Figure 3.7 (1 1) shows the block diagram for this mode. 
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T 



TREGO and UCO match 
(Interrupt I NTTO)"" 

TREG1 and UCO match _ 
(Interrupt INTT1] 

T01 

















TREGO 
*TREG1 









Figure 3.7 (10). 8-Blt PPG Output Waveforms 



TlOpin 

^T4 ■ 
ylT16 - 



TRUN<TORUN> 



Selector 







t t 

TMOD <T0CLK1,0> 



8-bit 

up-counter (UCO) 



Comparator 
T\ 



TREGO-WR-* 



Selector 



Comparator 
T\ 



TREGO 



Shift trigger 



TV 



TFFCR<DBEN> 



Register buffer 

T> 



Internal bus 



T01 



TFF 



- TFFCR<TFF1IE> = 1 
Inversion 
► I NTTO 



► INTT1 



Figure 3.7 (11). Block Diagram of 8-Bit PPG Output Mode 
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When the double buffer of TREGO is enabled in this Use of the double buffer makes easy handling of low duty 

mode, the value of register buffer will be shifted in TREGO each waves (when duty is varied). 
timeTREGI matches UCO. 



Match with TREGO 
and up-Counter , 

Match with TREG 1 
TREGO 

(Value to be compared) 
Registe buffer 



(Up-counter = Q,) 



Qi 



(Up-counter = Q2) 

J 

( Shift from register buffer 

— ^ 



JL 



X 



TREG (register buffer) 



write 



Figure 3.7 (12). Operation of Register Buffer 



Example: Generating 1/4 duty SOKHz pulse @ fc = 1 6MHz) 

_n_ji__n_rL 



Calculate the value to be set for timer register. 
To obtain the frequency SOKHz, the pulse cycle t 
should be: t = 1 /SOKHz = 20ns. 
Given 0T1 = O.Sps @ 16MHz), 
20ns H- O.Sjis = 40 
Consequently to set the timer register 1 (TREGI) to 



TREG1 = 40 = 28H and then duty to 1/4, t x 1/4 = 
20ms X 1/4 = Sms 

S|is^0.5ns = 10 
Therefore, set timer register (TREGO) to TREGO = 1 
= OAH. 







7 


6 


5 


4 


3 


2 


1 





TRUN 


<r- 




X 
















TMOD 


<- 


1 





X 


X 


X 


X 





1 


TREGO 


<r- 














1 





1 





TREG1 


<— 








1 





1 











TFFCR 


<— 








1 



1 


1 

H 


1 


X 


P7CR 


<- 


X 


X 


X 


X 






1 




P7FC 


<- 


X 


X 


X 


X 






1 


X 


TRUN 


<- 


1 


X 










1 


1 



Note : x; don't care -; no change 



Stop timer 0, and clear it to "0". 

Set the 8-bit PPG mode, and select 0T1 as input clock. 

Write "OAH". 

Write "28H". 

Sets TFF1 and enables ttie inversion and double buffer enable. 
► Writing "10" provides negative logic pulse. 

)setP71asT01 pin. 
Start timer and timer 1 counting. 
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(4) 8-bit PWM Output mode 

This mode is valid only for timer 0. In this mode, maxi- 
mum 8-bit resolution of PWM pulse can be output. 
PWM pulse is output to T01 pin (also used as P71) 
when using timer 0. Timer 1 can also be used as 8-bit 
timer. 

Timer output is inverted when up-counter (UCO) 
matches the set value of timer register TREGO or when 
2n - 1 (n = 6, 7, or 8; specified by T01 MOD <PWM01 , 



0>) counter overflow occurs. Up-counter UCO is 
cleared when 2n - 1 counter overflow occurs. For 
example, when n = 6, 6-bit PWM will be output, while 
when n = 7, 7-bit PWM will be output. 
To use this PWM mode, the following conditions must 
be satisfied. 

(Set value of timer register) <(Set value of 2" - 1 

counter overflow) 

(Set value of timer register 0) 



TREGO and 
UCO match ' 

2n.i 
overflow 
(interrupt INTTO) ' 

T01 



A 




tpWM 



A 



(PWM cycle) 



Figure 3.7 (13). 8-Bit PWM Waveforms 
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Figure 3.7 (1 4) shows the block diagram of this mode. 



TIO- 
^T16- 



Selector 



t t 



TMOD <T0aK1,0> 



Selector 



TRUN <TORUN> 



8-bit up-counter 
(UCO) 



T01 
_JL_ 



2n.l 

overflow 



control 



Comparator 

T> 



TMOD 1 
<T10M1,0> = 11 Q 



TFFCR 
TFF CKTFF1C1.0. 

TFF1IE,TFF1IS> 



Invert 



<PWMM1,0> 



Overflow 



TREGO 



Shift trigger 



Register buffer 



TFFCR <DBEN> 



3t 



Internal bus 



INTTO 



Figure 3.7 (14). Block Diagram of 8-Bit PWM Mode 



In this mode, the value of register buffer will be shifted in Use of the double buffer makes the handling of small duty 

TREGO if 2" - 1 overflow is detected when the double buffer of waves easy. 
TREGO is enabled. 



Match with TREGO 
2" - 1 overflow 
TREGO 

(value to be compared) 
Register buffer 



n 


n 


Up-counter = Q, 


Up-counter = Q2 






( Shift into TREGO 


Qi 


Q2 




Q2 


X Q3 



Figure 3.7 (15). Operation of Register Buffer 

Example: To output the following PWM waves to T01 pin at fc = 1 6MHz. 





f 










* 63.5^s * 





To realize 63.5^ls of PWM cycle by 0T1 = 0.5^3 {@ fc = 
16MHz), 

63.5MS-4-0.5fis=127 = 2''-1 



Consequently, n should be set to 7. 
As the period of low level is 36ns, for 0T1 = 0.5|is, set the 
following value for TREGO: 
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MSB LSB 

7 6 5 4 3 2 1 

TRUN ^ - X ----- Stop timer 0. and clear it to "0". 

TMOD <- 1 1 1 - - 1 Set 8-bit PWM mode (cycle: 2^-1) and select 0T1 as the input clock. 

TREGO f- 1 1 Write "48H". 

TFFCR <- X X X X 1 1 X Clears TFF1, enables the inversion and double buffer. 



)setP71 astheTOI pin. 



P7CR f- X X X X - - 1 - 

P7FC <- X X X X - - 1 X 

TRUN <- 1 X ----- 1 Start timer counting. 

Note: x; don't care -; no change 



Tabie 3.7 (3) PWM Cycle and the Setting of 2" -1 Counter 





PWIVI Cycle (@fc =16MHz) 


PWM Cycle (@fc»20 MHz) 


0T1 


0T4 


0T16 


0T1 0T4 


0T16 


26_1 


31.5|jsec (31.7kHz) 


126msec (7.9kHz) 


0.50Msec (1.9kHz) 


25.2Msec (39.0kHz) lOOpsec (10.0kHz) 


0.40msec (2.4kHz) 


2^-1 


63.5Msec (15.7kHz) 


254msec (3.9kHz) 


I.OIjjsec (0.98kHz) 


50.8|jsec (19.7kHz) 203Msec (4.9kHz) 


0.81msec (1.2kHz) 


28.1 


127Msec (7.8kHz) 


510msec (1.9kHz) 


2.04Msec (0.49kHz) 


102Msec (9.80kHz) 408Msec (2.4kHz) 


1.63msec (0.61kHz) 



(5) Table 3.7 (4) shows the list of 8-bit timer modes. 

Table 3.7 (4) Timer Mode Setting Registers 



Register Name 


TMOD 


TFFCR 


Name of Function in 


T10M 


PWMM 


T1CLK 


TOCLK 


TFF1IS 


Function 


Timer Mode 


PWMO Cycle 


Upper Timer 
Input Clock 


Lower Timer 
Input Clock 


Timer F/F Invert 
Signal Select 


16-bit timer mode 


01 






External clock, 
0T1,0T4.0T16 
(00. 01,10.11) 




8-bit timer X 2 channels 


00 




Lower timer match : 
0T1,0T16,0T256 
(00,01,10,11) 


External clock, 
0T1.0T4,0T16 
(00.01,10,11) 


0: Lower timer output 
1 : Upper timer output 


8-bit PPG X 1 channel 


10 






External clock. 
0T1,0T4,0T16 
(00.01.10.11) 




8-bit PWM X 1 channel 


11 


2^-1,2^-1,28-1 
(01,10,11) 




External clock. 
0T1.0T4,0T16 
(00, 01,10,11) 




8-bit timer x 1 channel 


11 




0T1,0T16.0T256 
(01.10,11) 




Output disabled 



Note: -: don't care 
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3.8 8-Bit PWM Timer 

The TMP96C141 AF/TMP96CM40F/TMP96PM40F has two 
built-in 8-bit PWM timers (timers 2 and 3). 
They have two operating modes. 

• 8-bit PWM (pulse width modulation: variable duty at fixed 
interval) output mode 

• 8-bit interval timer mode 



Figure 3.8 (1) is a block diagram of 8-bit PWM timer (tim- 
ers 2 and 3). 

PWM timers consist of an 8-bit up-counter, 8-bit com- 
parator, and 8-bit timer register. Two timer flip-flops (TFF2 for 
timer 2 and TFF3 for timer 3) are provided. 

Input clocks 0P1 , 0P4, and ^1 6 for the PWM timers can 
be obtained using the built-in prescaler. 

PWM timer operating mode and timer flip-flops are con- 
trolled by four control registers (POMOD, P1M0D, PFFCR, and 
TRUN). 
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TRUN <PRRUN> 



fc/2 



PWM dedicated 
prescaler 



* I \ 

viPl ^P4 ^P16 
(id A) (fc/16) (fc/64) 



^}P1 

^P16-»- 



Clock 
control 



TRUN <PORUN> 



RUN 




8-bit up counter 
(UC2) 



f t 

POMOD <T2CLK1,0> 



5^ 



8-bit comparator 
(CP2) 



POMOD <PWM0S1.0> 
Match detect 



8-bit timer register 
TREG2 



Shift trigger 



Register buffer 



TV 



Y 

Selector 



Register write 



T 



POMOD <PWMOM> 



F/F2 
(TFF2) 



• PWM2-0UT 
(T02) 



Clear 



F/F control 



TT 

PFFCR<FF2C1.0> 
PFFCR <FF2TRG1,0> 



Interrupt 
control 



POMOD <PWMOINT> 



TREG-WR 



POMOD <DB2EN> 



Internal bus 



Figure 3.8 (1). Block Diagram of 8-Bit PWM Timer (Timer 2) 

Note: Block diagram for 8-bit PWM timer 1 (timer 3) Is the same as the above diagram. 
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® Prescaler 

Generates input clocks dedicated to PWM tinners by 
further dividing the fundamental clock (fc) after it has 
been divided by 2 (fc/2). Since the register used to 
control the prescaler is the same as the one for other 
timers, the prescaler cannot be operated indepen- 
dently. 



The PWM timer uses three input clocks: ^P1 , ^P4, 
and0/P16. 

Like the 9-bit prescaler described in the 8-bit timer 
section, this prescaler can be counted/stopped using 
bit 7 <PRRUN> of the timer operation control register 
TRUN. Setting <PRRUN> to 1 starts counting; setting 
it to zero-clears and stops counting. Resetting clears 
<PRRUN> to 0, which clears and stops the prescaler. 



Dedicated Prescaler Cycle 





16MHz 


20MHz 


0P1 (4/fc) 


250ns 


200ns 


0P4 (16/fc) 


1ns 


800ns 


0P16 (64/fc) 


4ns 


3.2MSC 



6P^ $jP4 9iPi6 

t X t X t 

12 3 4 
Prescaler 

f run/stop & clear 
TRUN <PRRUN> 



CLK 
fc/2 

55P1 
^P4 



Oscillator 
circuit 






1/2 












Figure 3.8 (2). Prescaler 



(D Up-counter 

An 8-bit binary counter which counts up using the 
input clock specified by PWM mode register (POMOD 
orPIMOD). 

The input clock for the PWM0/PWM1 is selected from 
the internal clocks 0P1 , <^P4, and 0P16 (PWM dedi- 
cated prescaler output) depending on the value set in 
the P0MOD/P1MOD register. 
Operating mode is also set by POMOD and P1 MOD 
registers. At reset, they are initialized to POMOD 
<PWMOM> = and P1 MOD <PWM1 M> = 0, thus, the 
up-counter is in PWM mode. In PWM mode, the up- 
counter is cleared when a 2^ - 1 overflow occurs; in 
timer mode, the up-counter is cleared at compare and 



match. 

Count/stop and clear of the up-counter can be con- 
trolled for each PWM timer using the timer operation 
control register TRUN. Resetting clears all up-counters 
and stops timers. 

(D Timer registers 

Two 8-bit registers used for setting an interval time. 
When the value set in the timer registers (TREG 2 and 
3) matches the value in the up-counter, the match 
detect signal of the comparator becomes active. 
Timer registers TREG2 and TREG3 are each paired 
with register buffer to make a double buffer structure. 
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TREG2 and TREG3 are controlled double buffer 
enable/disable by POMOD <DB2EN> and P1M0D 
<DB3EN> : disabled when <DB2EN>/<DB3EN> = 0, 
enabled when <DB2EN>/<DB3EN> = 1 . 
Data is transferred from register buffer to tinner when a 
2" - 1 overflow occurs in the PWM mode, or when 
compare and match occurs in 8-bit timer mode. That 
is, with a PWM timer, the timer mode can be operated 



in double buffer enable state, unlike timer mode for 
timers and 1 . 

At reset, <DB2EN>/<DB3EN> is initialized to to dis- 
able double buffer. To use double buffer, write the data 
in the timer register at first, then set <DB2EN>/ 
<DB3EN> to 1 , and write the following data in the reg- 
ister buffer. 



Up-counter 

_!L 

Comparator 



Timer register (TREG2/3) 



Shift trigger 



Register buffer 



Write 



Selector 



8-bit match detect 
PWM2n-i overflow 



TREG2/3WR 



Internal bus 



<DB2EN>/<DB3EN> 



Figure 3.8 (3). Structure of Timer Registers 2 and 3 



Note: The timer register and register buffer are allocated to the same 

memory address. When <DB2EN>/<DB3EN> = 0, the same value 
is written to both register buffer and timer register. When <DB2EN>/ 
<DB3EN> = 1 , the value is written to the register buffer only. 

Memory addresses of the timer registers are as follows: 

TREG2 : 000026H 

TREG3 : 000027H 



Both timer registers are write only; however, register 
buffer values can be read when reading the above 
addresses. 

® Comparator 

Compares the value in the up-counter with the value in 
the timer register (rREG2/TREG3). When they match. 



the comparator outputs the match detect signal. A 
timer interrupt (INTT2/INTT3) is generated at compare 
and match if the interrupt select bit <PWM01 NT>/ 
<PWM1 NT> of the mode register (P0MOD/P1 MOD) is 
set to 1 . In timer mode, the comparator clears the up- 
counter to at compare and match. It also inverts the 
value of the timer flip-flop if timer flip-flop invert is 
enabled. 

(D Timer flip-flop 

The value of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval timer 
or 2"^ - 1 overflow. The value can be output to the timer 
output pin T02/r03 (also used as P72/P73). 
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POMOD 
(0028H) 





7 


6 


5 


4 


3 


2 


1 


bit Symbol 


FF2RD 


DB2EN 


PWMOINT 


PWMOM 


T2CLK1 


T2CLK0 


PWM0S1 i PWMOSO 


ReadA/Vrite 


R 


W 


After reset 
























Flip-flop 
(F/F2) 


1 : Double 
Buffer2 


0: 2n-1 
overflow 
interrupt 

1 : compare 
& match 


0: PWM 
mode 


00: viPl (fc/4) 
01: «>P4(fc/16) 


00:26-1 
01: 27-1 


Function 


output 
data 


Enable 


1: Timer 
mode 


10: ^jP16(fc/64) 
1 1 : Don't care 


10: 28-1 

1 1 : Don't care 








interrupt 











Read-modify-write is 
prohibited. 



Select PWMO cycle 



00 


26-1 


01 


27-1 


10 


28-1 


11 


Don't care 


Select PWMO input clock 


00 


^ PI (fc/4) 


01 


<^P4 (fc/16) 


10 


<f> P16(fc/64) 


11 


Don't care 


select PWMO mode 





PWM mode 


1 


8-bit timer mode 


- select PWMO interrupt 





Overflow interrupt 


1 


Compare and match 
interrupt 


control double buffer 





Disable 


1 


Enable 



■ PWM timer Flip-flop2 (TFF2) 
output value (T02) 



Figure 3.8 (4). 8-Bit PWMO Mode Control Register 
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PIMOD 
(0029H) 





7 


6 


5 


4 


3 2 


1 


bit Symbol 


FF3RD 


DB3EN 


PWM1INT 


PWM1M 


T3CLK1 i T3CLK0 


PWM1S1 ! PWM ISO 


Read/Write 


R 


W 


After reset 



















Function 


Flip-flop 
(F/F3) 
output 
data 


1: Double 
Buffers 
Enable 


0: 2n-1 
overflow 
interrupt 

1 : Compare 
and 
match 
mterrupt 


0: PWM 
mode 

1: Timer 
mode 


00: (fc/4) 
01: 9}P4(fc/16) 
10: 95P16(fc/64) 
11 : Don't care 


00: 26-1 
01:27-1 
10:28-1 
1 1 : Don't care 



Read-modify-write is 
prohibited. 



Select PWM 1 cycle 



00 


26-1 


01 


27-1 


10 


28-1 


11 


Don't care 


- Select PWM 1 input clock 


00 


^ PI (fc/4) 


01 


^P4 (fc/16) 


10 


?5P16(fc/64) 


11 


Don't care 


- Select PWM 1 mode 





PWMmode 


1 


8-bit timer mode 


" Select PWM 1 interrupt 





Overflow interrupy 


1 


Compare and match 
interrupt 


■ Control double buffer 





Disable 


1 


enable 



PWM timer Flip-flop3 (TFF3) 
output value (T03) 



Figure 3.8 (5). 8-Bit PWM1 Mode Control Register 
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7 ; 6 


5 4 


3 ; 2 : 1 i 


bit Symbol 


FF3C1 i FF3C0 


FF3TRG1 i FF3TRG0 


FF2C1 ; FF2C0 '■ FF2TRG1 \ FF2TRG0 


ReadA/Vrite 


W 


R/W 


W R/W 


After reset 








; 1 : 


Function 


00: Don't care 
01: Set TFF3 
10: Clear TFF3 
1 1 : Don't care 


00 : Disable TFF3 inverted. 

01 : Invert by match. 

10 : Set by match; 

clear by overflow, 

11 : Clear by match ; 

set by overflow. 


00 : Don't care iOO : Disable TFF2 inverted. 
1 : Set TFF2 jOI : invert by match. 
10: Clear TFF2 jio : Set by match , • 

. ^ r>. 'j. c'car by overflow, 
1 1 : Don t care ' 

jll : Clear by match; 

i set by overflow. 



•Select PWM timer F/F2 (TFF2) trigger 



00 


Disable TFF2 trigger. 


01 


Invert by compare and match. 


10 


Set by compare and match. 
Clear by 2" - ^ overflow. 


11 


Clear by compare and match. 
Setby 2"-i overflow. 



Control PWM timerF/F2 (TFF2) 



00 


Don't care 


01 


SetTFF2 to"1". 


10 


Clear TFF2 to"0". 


11 


Don't care 


Select PWM timer 
F/F3 (TFF3) trigger 


00 


Disable TFF3 trigger. 


01 


Invert by compare and match. 


10 


Set by compare and match. 
Clear by 2"- ^ overflow. 


11 


Clear by compare and match. 
Set by 2"- • overflow. 


Control PWM timerF/F2 (TFF2) 


00 


Don't care 


01 


SetTFF3 to "1". 


10 


Clear TFF3 to "0". 


11 


Don't care 



Figure 3.8 (6). 8-Bit PWM F/F Control Register 



MCU900-76 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C141AF 



TRUN 
(0020H) 





7 6 


5 


4 3 


2 


1 





bit Symbol 


PRRUN i ^^""^^^ 


T5RUN 


T4RUN ; PI RUN 


PORUN 


T1RUN 


TORUN 


Read/Write 


R/W 


R/W 


After reset 




















Function 


Prescaler & Timer Run/Stop CONTROL 
0: Stop & Clear 
1: Run (Count up) 



8-1 



bit timer (timerO) operation 



Stop & clear 
Count 



8-bit timer (timerl ) operation 



Stop & clear 
Count 



8- bit PWM timer (PWM0/tlmer2) operation 



Stop & dear 
Count 



• 8-bit PWM timer {PWIVI0/timer2) operation 



Stop & dear 
Count 



1 6-bit timer (timer4) operation 



Stop & dear 
Count 



1 6-bit timer (timerS) operation 



Stop & clear 
Count 



. Prescaler operation 



Stop & dear 
Count 



Figure 3.8 (7). Timer Operation Control Register (TRUN) 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



MCU900-77 



TMP96C141AF 



TLCS-900 16-bit Microcontroller 



The following explains PWM timer operations. 

(1) PWM timernnode 

Both PWM tinners can output 8-bit resolution PWM 
independently. Since both timers operate in exactly the 
same way, PWMO is used for purposes of explanation. 
PWM output changes under the following two condi- 
tions. 

Condition 1 : 

• TFF2 is cleared to when the value in the up- 
counter (UC2) and the value set in the TREG2 
match. 

• TFF2 is set to 1 when a 2"^ - 1 counter overflow (n 
= 6, 7, or 8) occurs. 



Condition 2: 

• TFF2 is set to 1 when the value in the up-counter 
(UC2) and the value set in TREG2 match. 

• TFF2 is cleared to when a 2" - 1 counter over 
flow (n = 6, 7, or 8) occurs. 

The up-counter (UC2) is cleared by a 2" - 1 counter 
overflow. 

The PWM timer can output 0% - 100% duty pulses 
because a 2" - 1 counter overflow has a higher priority. 
That is, to obtain 0% output (always low), the mode 
used to set TFF2 to due to overflow (PFFCR 
<FF2TRG1 , 0> = 1 , 0) must be set and 2'' - 1 (value for 
overflow) must be set in TREG2. To obtain 100% out- 
put (always high), the mode must be changed: PFFCR 
<FF2TRG1 , 0> = 1 ,1 then the same operation is 
required. 



PWM timing 



Timing in 
detail 



PWIVI counter 



Match detect 



2n-l overflow 
counter clear 



Jl 



JT 



01 



Overall 
timing 
(Note) 



Match detect 



2n-1 overflow 



^ Timer F/F output 
(T02/T03) 




Figure 3.8 (8). Output Waves in PWM Timer Mode 



Note: The above waves are obtained in a mode where the F/F is set by a match with the timer register (TREG) and reset by an overflow. 
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Figure 3.8 (9) is a block diagram of this mode. 



fc/2 



prescaler 



^P4 ^ 



1P16 



Clock control 



\ \ \ 

POMOD<T2CLK1,0> 



TREG2WR 



B 

Selctor 
Y 

A S 



8-bit up-counter 
(UC2) 



Clear 



POMOD 
<PWM0S1,0> 

_L_L 



2"- 1 overflow 
control 



8-bit 
comparator 
(CP2) 
7^ 



Match 



Shift trigger 



8-bit 
timer register 
(TREG2) 





Register buffer 



P0MOD<DB2EN> 



7> 



overflow 
overflow 
PFFCR<FF2TRG1.0> 

PFFCR<FF2C1,0> 

ii 



Timer 

F/F 
control 



Interrupt 
control 



T02 



INTT2 



P0MOD<PWM0IMT> 



Internal bus 



Figure 3.8 (9). Block Diagram of PWM Timer Mode (PWMO) 



In this mode, enabling double buffer is very useful. The Using double buffer makes handling small duty waves 

register buffer value shifts into TREG2 when a 2" -1 overflow easy, 
is detected, when double buffer is enabled. 



Match with TREG2 

2n-i 
overflow 

TREG2 
(Compared value) 

Register buffer 



(Up-counter = Q1) 


(Up-counter = Q2) 

M 


^Shift from register buffer 


Qi 






Q2 


K Q3 



. Register buffer write 



Figure 3.8 (10). Register Buffer Operation 
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Example: To output the following PWM waves to T02 pin 



^5MS I 
31.75//S 



using PWMO at fc = 16MHz. 

To implement 31 .75^s PWM cycle by P1 = 0.25|iis (@ fc 
= 16MHz) 

31 .75ms ^ 0.25ms = 1 27 = 2 -1 . 
Consequently, set n to 7. 

Since the low level cycle = 1 5ms; for ^ P1 = 0.25ms 

15ms-0.25 = 60 = 3CH 
set the 3CH in TREG2. 



TRUN 
POMOD 



3 2 
- 







Stops PWMO and clears it too. 

Sets PWM (2'^ - 1) mode, input clock 0P1 , overflow interrupt, and disables double buffer. 



TREG2 
POMOD 
PFFCR 



11110 

- 1 1 

- - - - 1 1 1 



Writes 3CH. 
Enables double buffer. 

Sets TFF2 and a n^ode wfiere TFF2 is set by compare and match, and cleared by overflow. 



P7CR <- 
P7FC <- 
TRUN <- 



Note: x; don't care 



; no change 



)SetsP72astheT02 pin. 
Starts PWMO counting. 



Table 3.8 (1) PWM Cycle and 2" -1 Counter Setting 





Formula 


16IVIHZ 


20MHz 




0P1 


0P4 


0P16 


^1 


0P4 




26-1 


2^-1 - 0Pn 


15.8}jsec 
(63kHz) 


63.0psec 
(16kHz) 


252|jsec 
(3.9kHz) 


12.6Msec 
(79kHz) 


50.4MSec 
(20kHz) 


201|isec 
(4.9kHz) 


2^-1 


2^-1 - (^Pn 


31.8Msec 
(31kHz) 


127.0Msec 
(7.9kHz) 




25.4psec 
(39kHz) 


lOI.Onsec 
(9.8kHz) 


406Msec 
(2.5kHz) 


28.1 


2^-1 - (}>?n 


63.8Msec 
(16kHz) 


255.0Msec 
(3.9kHz) 


1020MSec 
(0.98kHz) 


Sl.Opsec 
(20kHz) 


if 


816Msec 
(1.2kHz) 
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(2) 8-bit timer mode 

Both PWM timers can be used independently as 8-bit 
interval timers. Since both timers operate in exactly the 
same way, PWMO (timer 2) is used for the purposes of 
explanation. 



® Generating interrupts at a fixed interval 

To generate timer 2 interrupt (INTT2) at a fixed interval 
using PWMO timer, first stop PWMO, then set the oper- 
ating mode, input clock, and interval in the POMOD 
and TREG2 registers. Next, enable INTT2 and start 
counting PWMO. 

Example: To generate a timer 2 interrupt every 40ns 
at fc = 1 6MHz, set registers as follows: 



TRUN 
POMOD 

TREG2 

INTEPW10 

TRUN 



7 6 5 4 3 2 1 
- X - - - - - 
X 1 1 X X 



1 1 
- - - - 110 
1 X - - - 1 - - 



Stops PWMO and clears ittoO. 

Sets 8-bit timer mode and selects 0P1 (0.25ms) and compare interrupt. 

Sets 40ps/0.25ns = AOH in timer register. 
Enables INTT2 and sets interrupt level 4. 
Starts PWMO counting. 



Note: x; don't care -; no change 



Select an input clock using the table below. 

Table 3.8 (2) Interrupt Cycle and Input Clock Selection using 8-Bit Timer Mode 



Input Clock 


Interrupt Cycle 
(at fc» 16MHz) 


Resolution 


Interrupt Cycle 
(at fc« 20MHz) 


Resolution 


0P1 {4/fc) 


0.25ns ~ 64ns 


0.25ms 


0.2ms -51 .2ms 


0.2ms 


0P4 (16/fc) 


1ms~256ms 


1ps 


0.8ms~ 204.8ms 


0.8ms 


0P16(64/fc) 


4|Lis~1024ps 


4jiS 


3.2ms - 819.2ms 


3.2ms 



Note: To generate interrupts in 8-bit timer mode, bit 5 (interrupt control bit <PWM01 NT>/<PWM1 NT> of P0MOD/P1 MOD) must be set to 1 . 
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(D Generating a 50% square wave value to the timer output pin (702). 

To generate a 50% square wave, invert the timer flip- Example: To output a 3.0|iS square wave at fc = 

flop at a fixed interval and output the timer flip-flop 1 6MHz from T02 pin, set register as fol- 



lows: 

7 6 5 4 3 2 1 
TRUN <--x---0-- Stops PWMO and clears it too. 

POMOD <- X 1 1 X X Sets 8-bit timer mode and selects 0P1 (0.25ms) as the input clock. 

TREG2 <- O O O 1 1 Sets 3.0ms/0.25ms/2 = 6 in the timer register. 

PFFCR <-----10 1v Clears TFF2 to and inverts using comparator output. 

P7CR X X X X - 1 - - )SetsP72astheT02pin. 

P7FC <- X X X X - 1 - X 

TRUN 1 X - - - 1 - - 

Note: x; don't care -; no change 



_rLnj"mjTJ"m_riJiJTJiJ^^ 



TRUN 



Up-counter 01 foH 03 \ 04 folTornOT)! 02 I 04 rorToTTWon" 

FL 



Comparator 
timing 




Match 
detect 

UC clear 



Figure 3.8 (11). Square Wave (50% Duty) Output Timing Chart 
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This mode is as shown in Figure 3.8 (1 2) below. 



fc/2- 



Clock control 



t t 

P0MOD<T2CLK1,0>/ 
P1MOD<T3CLK1.0> 



B 



Selector ' 
k S 



8-bit up counter 
(UC2/UC3) 



8-bit comparator 
(CP2 / CP3) 



77 



Shift trigger 



8-bit 
timer register 
(TREG2/TREG3) 

7^ 



P0MOD<DB2EN>/ 
P1M0D<DB3EN> 



Register write 



Register buffer 

3EZ 



Internal bus 



Timer F/F 
control 



T02/T03 



It 

PFFCR<FF2C1,0>/ 
PFFCR<FF3C1.0> 
PFFCR<FF2TRG1,0>/ 
PFFCR<FF3TRG1,0> 



Interrupt 
control 



INTT2 
/INTT3 



P0MOD<PWM0INT>/ 
P1IVI0D<PWI\/I1INT> 



Figure 3.8 (12). Block Diagram of 8-Bit Timer Mode 
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3.9 16-Bit Timer 

The TMP96C141 AF has two (timer 4 and timer 5) multifunc- 
tional 1 6-bit timer/event counter with the following operation 
modes. 

• 1 6-bit interval timer mode 

• 1 6-bit event counter mode 

• 1 6-bit programmable pulse generation (PPG) mode 

• Frequency measurement mode 

• Pulse width measurement mode 

• Time differential measurement mode 



Timer/event counter consists of 16-bit up-counter, two 
1 6-bit timer registers, two 1 6-bit capture registers (one of them 
applies double-buffer), two comparators, capture input con- 
troller, and timer flip-flop and the control circuit. 

Timer/event counter is controlled by four control regis- 
ters: T4MOD/T5MOD. T4FFCR/r5FFCR, TRUN and T45CR. 

Figure 3.9 (1) and (2) show the block diagram of 16-bit 
timer/event counter (timer 4 and timer 5). 
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77 



Upper byte 



Lower byte 



T4M0D<CAP1IN> 
Software Capture 



Capture register 1 
CAP1 



Capture 
control 



T4M0D 
<CAP12M1,M0> 



16-bit up-counter 
UC4 



4 4 

T4M0D < T4 CLK1.0> 



TRUN<T4RUN> 



Comparator 
CP4 

7S 



Match 
detection 



TREG4 

~7V~ 



Upper byte 



Register buf fer4 



7y 



Upper byte 



77 



Lower byte 



Capture register 2 
CAP2 



Trigger 



o 



TRUN<T4RUN> 



T4M0D<CLE> 



Comparator 
CPS 

T> 



T4MOD<CAP2T5, EQ5T5> 
T4FFCR 



Timer 

F/F 
Control 



T04 
T05 



fill 



shift »-»- 
trigger 



Match 
detection 



77 



T45CR<DB4EN> 
Lower byte 



Upper byte 



77 



Lower byte 



Figure 3.9 (1). Block Diagram of 16-Bit Tinner (Tinier 4) 
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"TV 



'TV 



"TV 



upper byte 



Lower byte 



Upper byte 



Lower byte 



T5MOD<CAP3IN> 



Capture register 3 
CAP3 



I Triggers >■ 
Software Capture [P" I 



TFF1- 
TI6- 
TI5i 



Capture 
control 



t t 

T5M0D 
<CAP34M1,M0> 



2 2 



ciT4 - 
,}T16 - 



16-bit up-counter 
UC5 



4 ♦ 

T5MOD<T6CLK1,0> 



TRUN<T5RUN> 



Comparator 
CP6 

r> 



Match 
detection 



TREG6 



Upper byte 



Register buffer 6 



Capture register 4 
CAP4 



Trigger 



nr 



TRUN<T5RUN; 
T5M0D<CLE> 



Comparator 
CP7 

7^ 



Timer 

F/F 
Control 



■" I TFF6 I — »-T 



PGO ""^ 
shift Jfjf 
trigger 



Match 
detection 



TV 



T45CR<DB6EN> 
Lower byte 



Upper byte 



TV 



Lower byte 



Figure 3.9 (2). Block Diagram of 16-Bit Timer (Timer 5) 
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7 6 


5 i 4 ; 3 


2 


1 


bit Symbol 


CAP2T5 ; EQ5T5 


CAP1IN : CAP12M1 ; CAP12M0 


CLE 


T4CLK1 \ T4CLK0 


Read/Write 


R/W 


W R/W 


RAA/ 


R/W 


After reset 








1 i i 








Function 


TFF5 invert trigger 
0: Disable trigger 
1: Enable trigger 


0: Soft- Capture timing 

Capture ,00: Disable 
, , ,^ 1NT4 occurs at rise edge. 
:01:T.4T T.5T 

care ' • ' 

INT4 occurs at rise edge. 

■10:TI4t 

INT4 occurs at fall edge. 

11:TFF1t TFF1], 

INT4 occurs at rise edge. 


1: UC4 
Clear 
Enable 


Timer 4 source clock 

00:TI4 

01 : 

10: ^JC 
11 : yiTie 


Invert 
when the 
UC value is 
loaded to 
CAP2 


Invert 
when the 
up-counter 
matches 
TREG5 



I , I 



Timer 4 input clock 



00 


External clock (TI4) 


01 


<f>J^ (8/fc) 


10 


yiT4(32/fc) 


11 


^T16(128/fc) 


Clearing the up-counter UC4 





Clear disable 


1 


Clear by match with TREG5. 



Figure 3.9 (3). 16-Bit Timer Mode Controller Register (T4M0D) (1/2) 
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7 6 


5 


4 3 


2 


1 


bit Symbol 


CAP2T5 : EQ5T5 


CAP1IN 


CAP12M1 :CAP12M0 


CLE 


T4CLK1 ; T4CLK0 


Read/Write 


RA/V 


W 


RAW 


RA/V 


RA/V 


After reset 








1 











Function 


TFF5 invert trigger 
0: Disable trigger 
1: Enable trigger 


0: Soft- 
Capture 

1 : don't 
care 


Capture timing 
00: Disable 

INT4 occurs at rise edge. 
01:TI4t TI5T 

INT4 occurs at rise edge. 
10:TI41' T144, 

INT4 occurs at fall edge. 
1 1 : TFF1 t TFF1 I 

INT4 occurs at rise edge. 


1 : UC4 
Clear 
Enable 


Timer 4 source clock 

00:TI4 

01: ^Tl 

10: ^T4 

11: ?iT16 


Invert 
when the 
UC value is 
loaded to 
CAP2 


Invert 
when the 
up-counter 
matches 
TREG5 



J I I 



' — *^ Capture timing oftimer4 





Capture control 


INT4 control 


00 


Capture disable 


Interrupt occurs 
at the rise edge j[— 
of TI4 (INT1) 
input. 


01 


CAP1 at TI4 rise 
CAP2 atTISrise 


10 


CAP1 atTI4 rise 
CAP2 atTI4fall 


Ihterriipt occurs — . 
at the fall edge 1_ 
of TI4 (INT1) 
input. 


11 


CAP1 atTFFI rise 
CAP2 atTFFI fall 


Interrupt occurs ^ 
at the rise edge -f 
of TI4 (INT1) 
input 


Software capture 





The up-counter4 value is loaded to CAP1 
(software capture). 


1 


Always read as "1". 



Timer flip-flop 5 (TFF5) invert trigger 

Trigger disable (Invert Prohibition) 

1 Trigger enable (Invert permission) 



CAP2T5 : Invert when the up-counter value is loaded to CAP2 
EQ5T5 : Invert when the up-counter matches TREG5 



Figure 3.9 (4). 16-Bit Controller Register (T4M0D) (2/2) 
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7 6 


5 


4 


3 


2 


1 


bit Symbol 


TFF5C1 : TFF5C0 


CAP2T4 


CAP1T4 


EQ5T4 


EQ4T4 


TFF4C1 i TFF4C0 


Read/Write 


W 


RA/V 


RAW 


R/\N 


RA/V 


W 


After reset 


























Function 


00: Invert TFF5 
01: Set TFFS 
10: Clear TFFS 
1 1 : don't care 

Always read as " 1 1 ". 


TFF4 invert trigger 
0: Disable trigger 
1: Enable trigger 


00: Invert TFF4 
01 : Set TFF4 
10: Clear TFF4 
1 1 : don't care 

^ Always read as 
"11" 


nvert when 
the UC value 
s loaded to 
CAP2 


Invert when 
the UC value 
is loaded to 
CAP1 


Invert when 
the UC 
matches 
TREG5 


Invert when 
the UC 
matches 
TREG4 




1 1 



Timerflip-flop 4 (TFF4) control 



00 


Inverts the TFF4 value (software inversion). 


01 


SetsTFF4to "1". 


10 


Clear TFF4 to "0". 


11 


Don't care (Always read as "1 1 ") . 



^ Timerflip-flop 4 (TFF4) invert trigger 

Trigger disable (Invert prohibition) 

1 Trigger enable (Invert permission) 



CAP2T4 : Invert when the up-counter value is loaded to CAP2 

CAP1T4 : Invertwhen the up-counter value is loaded to CAP1 

EQ5T4 : Invert when up-counter matches TREG5 

EQ4T4 : Invert when up-counter matches TREG4 



Timerflip-flop 5 (TFFS) control 



00 


Inverts the TFFS value (software inversion). 


01 


Set TFFS to "1". 


10 


Clear TFFS to "0". 


11 


Don't care (Always read as "11".) 



Figure 3.9 (5). 16-Bit Timer 4 F/F Control (T4FFCR) 
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7 6 


5 


4 3 


2 


1 


bit Symbol 




CAPS IN 


CAP34M1 :CAP34M0 


CLE 


TSCLKl 1 T5CLK0 


Read/Write 




W 


R/W 


R/W 


R/W 


After reset 




1 








i 


Function 




0: Soft- 
Capture 

1: don't 
care 


Capture timing 
00: Disable 

INT6 occurs at rise edge. 
01:TI6T TI7t 

INT6 occurs at rise edge. 
10:TI6t TI6 4 

INT6 occurs at fall edge. 
lICTFFIf TFF1 1 

INT4 occurs at rise edge. 


1: UC5 
Clear 
Enable 


Timer 5 source clock 

00:TI6 

01: ?5T1 

10: 5JT4 

11: ?iT16 



Timers input clock 



00 


External clock (TI4) 


01 


yJTI (8/fc) 


10 


^T4 (32/fc) 


11 


^T16(128/fc) 



Clearing the up-counter UC5 

Clear disable 

1 Clear by match with TREG7 



Figure 3.9 (6). 16-Bit Timer Mode Control Register (T5M0D) (1/2) 
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7 6 


5 


4 3 


2 


1 


bit Symbol 




CAP3IN 


CAP34M1 iCAP34M0 


CLE 


T5CLK1 ; T5CLK0 


Read/Write 




W 


R/W 


R/W 


R/W 


After reset 




1 















0: Soft- 
Capture 

1: don't 
care 


Capture timing 
00: Disable 

INT6 occurs at rise edge. 
01:TI6t TI7t 

INT6 occurs at rise edge. 
10:ti6T TI6J, 

INT6 occurs at fall edge. 
1 1 : TFF1 t TFF1 X 

INT4 occurs at rise edge. 


1: UC5 
Clear 
Enable 


Timer 5 source clock 
00: TI6 
01: j>T1 
10: v5T4 
11 : ^T16 



' — >■ Timer 5 Capture timing 





Capture control 


INT4 Control 


00 


Capture disable 


Interrupt occurs 
at the rise edge 
of TI6 (INT6) JT 
input. 


01 


CAP3 atTI6rise 
CAP4atTI7rise 


10 


CAP3 atTI6rise 
CAP4atTI6fall 


Interrupt occurs 
at the fall edge _ 
of TI6 (INT6) 1_ 
input. 


11 


CAP3 atTFFI rise 
CAP4atTFF1 fall 


Interrupt occurs 
at the rise edge . — 
of TI6 (INT6) -f 
input. 


Software capture 





The up-counter 5 value is loaded to CAPS. 


1 


Always read as "1". 



Figure 3.9 (7). 16-Bit Timer Control Register (T5M0D) (2/2) 
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7 6 


5 


4 


3 


2 


1 





bit Symbol 




CAP4T6 


CAP3T6 


EQ7T6 


EQ6T6 


TFF6C1 


TFF6C0 


Read/Write 




R/W 


R/W 


Rm 


R/W 


W 


After reset 






















Function 




TFF6 invert trigger 
0: Disable trigger 
1: Enable trigger 


00: Invert TFF6 
01: Set TFF6 
10: Clear TFF6 
1 1 : don't care 

^ Always read as 


Invert when 
the UC value 
is loaded to 
CAP4 


Invert when 
the UC value 
is loaded to 
CAP3 


Invert when 
the UC 
matches 
TREG7 


Invert when 
the UC 
matches 
TREG6 




i 




1 





Timer flip-flop 6 (TFF6) control 



00 


Inverts the TFF4 value (software inversion). 


01 


SetsTFF6 to"1". 


10 


Clear TFF6 to "0". 


11 


Don't care (Always read as " 1 1 ") . 


Timer flip-flop 6 (TFF6) invert trigger 





Trigger cJisable (Invert prohibition) 


1 


Trigger enable (Invert permission) 



CAP4T6 : Invert when the up-counter value is loaded to CAP4 

CAP3T6 : Invert when the up-counter value is loaded to CAP3 

EQ7T6 : Invert when up-counternnatches TREG7 

EQ6T6 : Invert when up-counter matches TREG6 



Figure 3.9 (8). 16-Bit Timer 5 F/F Control (TSFFCR) 
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T45CR 
(003AH) 





7 6 


5 


4 


3 i 2 : 1 ; 


bit Symbol 










PG1T ; PGOT ! DB6EN j DB4EN 


Read/Write 


R/W 








R/W 


After reset 

























Fix at "0" 




PG1 shift 
Trigger 
0:8 bit 

Timer Trigger 
(TimerO, 1) 
1: 16 bit 
Tifper Trigger 
(Timers) 


PGO shift 
Trigger 
0:8 bit 

Timer Trigger 
(Timer 0, 1) 
1: 16 bit 
Timer Trigger 
(Timer 4) 


0: Disable 
1: Enable 


Double 
buffer of 
TREG6 


Double 
buffer of 
TREG4 


1 





Double buffer countroi 



Disable 
Enable 



DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 

Figure 3.9 (9). 16-Bit Timer (Timer 4, 5) Control Register (T45CR) 



TRUN 
(0020H) 





7 


6 


5 i 4 ; 3 i 2 i 1 





bit Symbol 


PRRUN 




T5RUN : T4RUN j P1RUN \ PORUN i T1RUN 


TORUN 


ReadA/Vrite 


R/W 




R/W 


After reset 







i i i : 







Prescaler & Timer Run/Stop CONTROL 
0: Stop & Clear 
1 : Run (Count up) 



Operation of 16-bit timer (timer4) 



Stop and clear 

1 Count 



Operation of 16-bit timer (timerS) 



Stop and clear 

1 Count 



Operation of prescaler 



STOP and clear 
Count 



Figure 3.9 (10). Timer Operation Control Register (TRUN) 
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® Up-counter (UC4/UC5) 

UC4/UC5 is a 16-bit binary counter which counts up 
according to the input clock specified by T4M0D 
<T4CLK1 , 0> or T5M0D <T5CLK1 , 0> register. 

As the input clock, one of the internal clocks 0T1 (8/ 
fc), (J) T4 (32/fc), and T1 6 (1 28/fc) from 9-bit prescaler 
(also used for 8-bit timer), and external clock from TI4 pin 
(also used as P80/INT4 pin) or TI6 (also used as P84/ 
INT6 pin) can be selected. When reset, it will be initialized 
to <T4CLK1 , 0>/<T5CLK1 , 0> = 00 to select TI4/TI6 
input mode. Counting or stop and clear of the counter is 
controlled by timer operation control register TRUN 
<T4RUN, T5RUN>. 

When clearing is enabled, up-counter UC4/UC5 will 
be cleared to zero each time it coincides matches the 



TREG4 



Upper 8 bits 


Lower 8 bits 


000031 H 




000030H 


TREG6 




Upper 8 bits 


Lower 8 bits 


000041 H 




000040H 



TREG4 and TREG6 timer register is of double buffer 
structure, which is paired with register buffer. The timer 
control register T45CR <DB4EN, DB6EN> controls 
whether the double buffer structure should be enabled or 
disabled. : disabled when <DB4EN, DB6EN> = 0, while 
enabled when <DB4EN, DB6EN> = 1. 

When the double buffer is enabled, the timing to 
transfer data from the register buffer to the timer register 
is at the match between the up-counter (UC4/UC5) and 
timer register TREG5/TREG7. 

When reset, it will be initialized to <DB4EN, DB6EN> 
= 0, whereby the double buffer is disabled. To use the 
double buffer, write data in the timer register, set 
<DB4EN, DB6EN> = 1 , and then write the following data 
in the register buffer. 



CAP1 



Upper 8 bits 


Lower 8 bits 


000035H 




000034H 


CAP 3 




Upper 8 bits 


Lower 8 bits 


000045H 




000044H 



® Capture Input Control 



This circuit controls the timing to latch the value of 
up-counter UC4/UC5 into (CAP1 , CAP2)/(CAP3, CAP4). 

MCU900-94 TOSHIBA America elec 



timer register TREG5, TREG7. The "clear enable/disable" 
is set by T4M0D <CLE> and T5M0D <CLE>. 

If clearing is disabled, the counter operates as a free- 
running counter. 

(D Timer Registers 

These two 1 6-bit registers are used to set the interval 
time. When the value of up-counter UC4/UC5 matches 
the set value of this timer register, the comparator match 
detect signal will be active. 

Setting data for timer register (rREG4, TREG5, 
TREG6 and TREG7) is executed using 2 byte date trans- 
fer instruction or using 1 byte date transfer instruction 
twice for lower 8 bits and upper 1 bits in order. 



TREG5 



Upper 8 bits 


Lower 8 bits 


000033H 




000032H 


TREG7 




Upper 8 bits 


Lower 8 bits 


000043H 




000042H 



TREG4, TREG6 and register buffer are allocated to 
the same memory addresses 000030H/000031 H/ 
0000400H/000041H. When <DB4EN, DB6EN> = 0, 
same value will be written in both the timer register and 
register buffer. When <DB4EN, DB6EN> = 1 , the value is 
written into only the register buffer. 

(D Capture Register 

These 1 6-bit registers are used to hold the values of 
the up-counter. 

Data in the capture registers should be read by a 2- 
byte data load instruction or two 1 -byte data load instruc- 
tion, from the lower 8 bits followed by the upper 8 bits. 



CAP 2 



Upper 8 bits 


Lower 8 bits 


000037H 




000036H 


CAP 4 




Upper 8 bits 


Lower 8 bits 


000047H 




000046H 



The latch timing of capture register is controlled by regis- 
ter T4M0D <CAP1 2M1 , 0>/T5MOD <CAP34M1 , 0>. 

• When T4M0D <CAP1 2M1 , 0>/T5MOD 
<CAP34M1,0> = 00 

Capture function is disabled. Disable is the 
default on reset. 

COMPONENTS, INC. 
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• When T4M0D <CAP1 2M1 , 0>/T5MOD 
<CAP34M1,0> = 01 

Data is loaded to CAP1 , CAPS at the rise edge 
of TI4 pin (also used as P80/INT4) and TI6 pin (also 
used as P84/INT6) input, while data is loaded to 
CAP2, CAP4 at the rise edge of TI5 pin (also used as 
P81/INT5 and TI7 pin (also used as P85/INT7) input. 
(Time difference measurement) 

• When T4M0D <CAP1 2M1 , 0>Ar5MOD 
<CAP34M1,0>=10 

Data is loaded to CAP1 at the rise edge of TI4 
pin input and to CAPS at the rise edge of T16, while 
to CAP2, CAP4 at the fall edge. Only in this setting, 
interrupt INT4/INT6 occurs at fall edge. (Pulse width 
measurement) 

• When T4M0D <CAP1 2M1 , 0>/T5MOD 
<CAP34M1,0>=11 

Data is loaded to CAP1 , CAPS at the rise edge 
of timer flip-flop TFF1 , while to CAP2, CAP4 at the 
fall edge. 

Besides, the value of up-counter can be loaded 
to capture registers by software. Whenever "0" is 
written in T4M0D <CAPIN>, T5M0D <CAPS1 N> the 
current value of up-counter will be loaded to capture 
register CAP1/CAPS. It is necessary to keep the 
prescaler in RUN mode (TRUN <PRRUN> to be "1"). 



© Comparator 

These are 1 6-bit comparators which compare the 
up-counter UC4/UC5 value with the set value of (TREG4, 
TREG5)/0'REG6, TREG7) to detect the match. When a 
match is detected, the comparators generate an interrupt 
(INTT4, INTT5)/(INTr6, INTT?') respectively The up- 
counter UC4/UC5 is cleared only when UC4/UC5 



matches TREG5/rREG7. (The clearing of up-counter 
UC4/UC5 can be disabled by setting T4M0D <CLE>/ 
T5M0D <CLE> = 0.) 

(D Timer Flip-Flop (TFF4/TFF6) 

This flip-flop is inverted by the match detect signal 
from the comparators and the latch signals to the cap- 
ture registers. Disable/enable of inversion can be set for 
each element by T4FFCR <CAP2T4, CAP1T4, EQ5T4. 
EQ4T4>/T6FFCR <CAP4T6, CAPST6, EQ7T6, EQ6T6>. 
TFF4/TFF6 will be inverted v^en "00" is written in 
T4FFCR <TFF4C1 , 0>/r6FFCR <TFF6C1 , 0>. Also it is 
set to "1 " when "10" is written, and cleared to "0" when 
"1 0" is written. The value of TFF4/TFF6 can be output to 
the timer output pin T04 (also used as P82) and T06 
(also used as P86). 

(2) Timer Flip-Flop fFF5) 

This flip-flop is inverted by the match detect signal 
from the comparator and the latch signal to the capture 
register CAP2. TFF5 will be inverted when "00" is written 
in T4FFCR <TFF5C1 , 0>/r6FFCR <TFF6C1 , 0>. Also it is 
set to "1" when "10" is written, and cleared to "0" when 
"1 0" is written. The value of TFF5 can be output to the 
timer output pin T05 (also used as P82). 
Note: This flip-flop (TFF5) is contained only in the 16-bit timer 4. 
(1) 16-bit Timer Mode 

Timer 4 and 5 operate independently 

Since both timers operate in exactly the same way, timer 
4 is used for the purposes of explanation. 

Generating interrupts at fixed intervals: 

In this example, the interval time is set in the timer register 
TREG5 to generate the interrupt INTTR5. 



TRUN 
INTET54 

T4FFCR 
T4M0D 



TREG5 



7 6 5 
- X - 



1 



10 1 



(** = 01,10.11) 



Stop timer 4. 

Enable INTTR5 and sets interrupt level 4. Disables 

INTTR4. 

Disable trigger. 

Select internal clock for input and disable ttie capture function. 
Settlie interval timer (16 bits). 



TRUN 



Note: x; don't care 



(2) 1 6-bit Event Counter Mode 



-; no change 



In 1 6-bit timer mode as described in above, the timer can be 
used as an event counter by selecting the external clock (TI4/ 
TI6 pin input) as the input clock. To read the value of the 



Start timer 4. 



counter, first perform "software capture" once and read the 
captured value. 

The counter counts at the rise edge of TI4/TI6 pin input. 

TI4/TI6 pin can also be used as P80/INT4 and P84/INT6. 

Since both timers operate in exactly the same way, timer 
4 is used for the purposes of explanation. 
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TRUN <r- 
P8CR 

INTET54 <- 

T4FFCR 

T4M0D <- 

TREG5 <- 

TRUN <r- 











Stop timer 4. 
Set P80 to input mode. 

Enable INTTR5 and sets interrupt level 4, while 
disables INTTR4. 

1 Disable trigger. 

Select TI4 as ttie input clock. 

Set the number of counts (1 6 bits). 
Start timer 4. 



Note: When used as an event counter, set the prescaler in RUN mode. 



(3) 1 6-bit Programmable Pulse Generation (PPG) Output 
IVIode 

Since both timers operate in exactly the same way, 
timer 4 is used for the purposes of explanation. 
The PPG mode is obtained by inversion of the timer 



flip-flop TFF4 that is to be enabled by the match of the 
up-counter UG4 with the timer register TREG4 or 5 
and to be output to T04 (also used as P82). In this 
mode, the following conditions must be satisfied. 

(Set value of TREG4) < (Set value of TREG5) 







7 


6 


5 


4 


3 


2 


1 





TRUN 


<r- 




X 















TREG4 


<- 


















TREG5 


<— 


















T45CR 


<- 





X 


X 


X 








1 


T4FFCR 


<- 


1 


1 








1 


1 








T4M0D 


<— 








1 








1 


















= 01,10,11) 






P8CR 


<r- 












1 






P8FC 


<- 


X 




X 


X 




1 


X 


X 


TRUN 


<- 


1 


X 




1 











Note: x; don't care -; no change 



Stop timer 4. 

Set the duty (16 bits). 

Set the cycle (16 bits). 

Double buffer of TREG4 enable. 

(Changes the duty and cycle at the interrupt INTTR5) 

Set the mode to invert TFF4 at the match with 

TREG4/TREG5. and also sets TFF4 to T. 

Select internal clock for input and disables the capture function. 

) Assign P82asT04. 
Start timer 4. 



n n n 

n n n 

Lr~LJ u 

Figure 3.9 (11). Programmable Pulse Generation (PPG) Output Waveforms 
MCU900-96 TOSHIBA America electronic components, inc. 



Match with TREG4 
(interrupt INTTR4) 

Match with TREG5 
(interrupt INTTR5) 

T04pin 
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When the double buffer of TREG4 is enabled in this 
mode, the value of register buffer 4 will be shifted in TREG4 



at match with TREG5. This feature makes easy the handling of 
low duty waves. 



Match with TREG4 

Match with TREG5 

TREG4 
(value to be 
compared) 

Register buffer 



Ji 



a 



Up-counter = Qi 




Up-counter = Q2 

M 






Shift into theTREGS 


Qi 












Q2 




Q3 



Write into theTREG4 



Figure 3.9 (12). Operation of Register Buffer 

Shows the block diagram of this mode. 



TRUN<T4RUN> 



TI4_ 
,411- 
^T4 — ► 



Selector 



16-Bit up-counter 
UC4 



T04 (PPG output) T05 



clear 



16-Bit Comparator 

z\ 



match 



F/F 




F/F 


(TFF4) 




(TFF5) 



16-Bit Comparator 
TS. 



match 



TREG4-WR • 



Selector 



T45CR<DB4EN> 



TREG4 



Register buffer 4 



TV 



Internal bus 



Figure 3.9 (13). Block Diagram of 16-Bit PPG Mode 
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(4) Application Examples of Capture Function 

The loading of up-counter (UC4) values into the cap- 
ture registers CAP1 and CAP2, the timer flip-flop TFF4 
inversion due to the match detection by comparators 
CP4 and CPS, and the output of TFF4 status to T04 
pin can be enabled or disabled. Combined with inter- 
rupt function, they can be applied in many ways, for 
example: 

® One-shot pulse output from external trigger pulse 
(D Frequency measurement 
(D Pulse width measurement 
® Time difference measurement 



® One-Shot Pulse Output from External Trigger Pulse 

Set the up-counter UC4 in free-running mode with the 
internal input clock, input the external trigger pulse 
from TI4 pin, and load the value of up-counter into 
capture register CAP1 at the rise edge of the TI4 pin. 
Then set to T4M0D <CAP1 2M1 , 0> = 01 . 
When the interrupt INT4 is generated at the rise edge 
of TI4 input, set the CAP1 value (c) plus a delay time (d) 
to TREG4 (= c + d), and set the above set value (c + d) 
plus a one-shot pulse width (p) to TREG5 (= c + d + p). 
When the interrupt INT4 occurs the T4FFCR <EQ5T4, 
EQ4T4> register should be set that the TFF4 inversion 
is enabled only when the up-counter value matches 
TREG4 or TREG5. When interrupt INTTR5 occurs, this 
inversion will be disabled. 



^ Set the counter in free-running mode. 
Countclock JlIlJlIUliL.___JUlM_.JlIIM__Jllll__. 



(internal clock) 

TI4 pin input 
(external trigger pulse) 



Match with TREG4 



Match with TREG5 



Timer output pin T04 



c + d 



c + d -hp 



!u> Load the up-counter value into Capture 
1^ Register 1 (CAP!) INT4 occurred 

J 



Inversion 
enable 



Disables inversion' 
caused by loading 
of the up-counter 
iX value into CAP1. 



r INTTR5occt{rred 



Inversion 
enable 



Delay time 
(d) 



(P) 



Figure 3.9 (14). One-Shot Pulse Output (with Delay) 
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Setting Example: To output 2ms one-shot pulse with 3ms delay to the external trigger pulse to TI4 pin. 



Main setting 



T4M0D 



I — r 

10 10 1 
I I 



T4FFCR 1 1 1 
I . I I L 



P8CR <- - 

P8FC <r- X 

INTE45 - 

INTET54 ^ 1 

TRUN ^ 1 





X 



Keep counting (Free-running). 
Count with0T1. 

Load ttie up-counter value into CAP1 at the rise edge of TI4 pin input. 

Clear TFF4 to zero. 
Disable TFF4 inversion. 



- 110 
10 



) Select P82 as the T04 pin. 



1 



Enable INT4, and disables INTTR4 and INHRS. 
Start timer 4. 



Setting oflNT4 
TREG4 <- 
TREG5 f- 
T4FFCR <- 



CAP1+3ms/0T1 
TREG4 + 2ms/0T1 



INTET54 <- 1 1 



Enable TFF4 inversion when the up-counter value matches TREG4 or 5. 
Enable INHRS. 



Setting oflNTS 



T4FFCR <- - - - 
INTET54 <- 1 
Note: x; don't care -; no change 




I I 



Disable TFF4 inversion when the up-counter value matches TREG 4 or 5. 
Disable INHRS. 



When delay time is unnecessary, invert timer flip-flop 
TFF4 when the up-counter value is loaded into capture register 
1 (CAP1), and set the CAP1 value (c) plus the one-shot pulse 
width (p) to TREG5 when the interrupt INT4 occurs. The TFF4 



inversion should be enabled when the up-counter (UC4) value 
matches TREG5, and disabled when generating the Interrupt 
INTTR5. 
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Count clock 
(internal clock) 

TI4 pin input 
(external trigger pulse) 



Match with TREG5 



Timer output pin T04 



juuuuui nniuui fiiuiL__. 

c c + p 



/ 



Enables inversion caused 
by loading of the up- 
counter value into CAPl. 



Load the up-counter value into Capture 
Register 1 (CAPl). INT4 occurred 

/^INTTRS 
occurred 



Inversion 
enable 



(P) 



Load the up-counter value into 
Capture Register 2 (CAP2). 



Disables inversion caused by loading of 
the up-counter value into CAP2. 



Figure 3.9 (15). One-Shot Pulse Output (without Delay) 



(2) Frequency Measurement 

The frequency of the external clock can be measured 
in this mode. The clock is input through the TI4 pin, and 
its frequency is measured by the 8-bit timers (Timer and 
Timer 1) and the 16-bit timer/event counter (Timer 4). 

The TI4 pin input should be selected for the input 
clock of Timer 4. The value of the up-counter is loaded 



into the capture register CAP1 at the rise edge of the 
timer flip-flop TFF1 of 8-bit timers (Timer and Timer 1), 
and into CAP2 at its fall edge. 

The frequency is calculated by the difference 
between the loaded values in CAP1 and CAP2 when the 
interrupt (INTTO or INTT1) is generated by either 8-bit 
timer. 



count cock _|1I1I1I111IL__ __ JM. 

(internal clock) c2 



TFF1 

Loading UG16 into CAP1 
Loading UC16 into CAP2 
TNTT0/INTT1 




JUL 



Figure 3.9 (16). Frequency Measurement 



For example, if the value for the level "1 " width of 
TFF1 of the 8-bit timer is set to 0.5 sec. and the differ- 



ence between CAP1 and CAP2 is 100, the frequency will 
be 100/0.5 [sec] = 200 [Hz]. 
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(D Pulse Width Measurement 

This mode allows measuring the "H" level width of an 
external pulse. While keeping the 1 6-bit timer/event 
counter counting (free-running) with the internal clock 
input, the external pulse is input through the TI4 pin. Then 
the capture function is used to load the UC4 values into 
CAP1 and CAP2 at the rising edge and falling edge of the 



external trigger pulse respectively. The interrupt INT4 
occurs at the falling edge of T14. 

The pulse width is obtained from the difference 
between the values of CAP1 and CAP2 and the internal 
clock cycle. 

For example, if the internal clock is 0.8 microseconds 
and the difference between CAP1 and CAP2 is 100, the 
pulse width will be 100 x 0.8 = 80 microseconds. 



Count clock 
(internal clock) 

TI4 pin 

(external pulse) 



JUlliUL 

CI 



-JlIUlllll 

C2 



Loading UC16intoCAP1 
Loading UC16 into CAP2 



1 



Jki. 



C2 



Figure 3.9 (17). Pulse Width Measurement 

Note: Only in this pulse width measuring mode (T4M0D <CAP1 2M1 , 0> = 1 0), external interrupt INT4 occurs at the falling edge of TI4 pin input. In other 
modes, it occurs at the rising edge. 



The width of "L" level can be measured from the dif- 
ference between the first C2 and the second C1 at the 
second INT4 interrupt. 



® Time Difference Measurement 

This mode is used to measure the difference in time 
between the rising edges of external pulses input through 
TI4 and TI5. 



Keep the 1 6-bit timer/event counter (Timer 4) count- 
ing (free-running) with the internal clock, and load the 
UC4 value into CAP1 at the rising edge of the input pulse 
to TI4. Then the interrupt INT4 is generated. 

Similarly, the UC4 value is loaded into CAP2 at the 
rising edge of the input pulse to TI5, generating the inter- 
rupt INT5. 

The time difference between these pulses can be 
obtained from the difference between the time counts at 
which loading the up-counter value into CAP1 and CAP2 
has been done. 
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Loading UCl 6 into CAP2 
INT1 

INT2 




C2 



Time difference 




Figure 3.9 (18). Time Difference Measurement 



(5) Different Phased Pulses Output Mode 

In this output mode, signals with any different phase can be 
outputted by free-running up-counter UC4. 



When the value in up-counter UC4 and the value in 
TREG4 fTREGS) nnatch, the value in TFF4 (TFFS) is inverted 
and output to T04(T05). 

This mode can only be used by 1 6-bit timer 4. 



Match with TREG4 
Match with TREG5 

T04 

T05 




Figure 3.9 (19). Phase Output 



Cycles (counter overflow time) of the above output waves 
are listed below. 





16MHz 


20IV1HZ 


0T1 


1.024msec 


0.819msec 


0T4 


4.096msec 


3.277msec 


<^T16 


16.38 msec 


13.11 msec 
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3.10 Stepping Motor Control/Pattern Generation Port 

The TMP96C141 AF has two channels (PGO and PG1) of 4-bit 
hardware stepping motor control/pattern generation (herein 
after called PG) which actuate in synchronization with the (8- 
bit/1 6-bit) timers. The PG (PGO and PG1) are shared in 8-bit 1/ 
O ports P6. 

Channel (PGO) is synchronous with 8-bit timer or 
timer 1 , 1 6-bit timer 5, to update the output. 

The PG ports are controlled by control registers 
(PG01 OR) and can select either stepping motor control mode 
or pattern generation mode. Each bit of the P6 can be used as 



the PG port. 

PGO and PG1 can be used independently. 

All PG operate in the same manner except the following 
points, and thus only the operation of PGO will be explained 
below. 

Differences between PGO and PG1 





PGO 


PG1 


Trigger Signal 


from Timer 4 


from Timer 5 



b7 



be 



b2 



b5 



b4 



bO 



1-2 excitation 



SA03 



SAOl 



SAGO 



PG03 



1/2 excitat on 



P63/PGG3 
(P67/PG13) 



P62/PG02 
^ (P66/PG12) 



►n P61/PG01 
^ (P65/PG11) 



.►n P60/PG00 
^ {P64/PG10) 



r\ 

— c 

IQ O 



Figure 3.10 (1). Port 6/PG Circuit 
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7 : 6 ; 5 


4 


3 I 2 i 1 . 


bit Symbol 


PAT1 ; CCW1 i PG1M 


PG1TE 


PATO : CCWO ! PGOM | PGOTE 


Read/Write 


R/W 


R/W 


After reset 

















: i 


Function 


PG 1 write 
mode 

0: 8bit 
write 

1: 4bit 
write 


PG1 

Rotaing 
direction 

0: Normal 
rotation 

1 ; Reverse 
rotation 


PGl mode 
(excitation) 

0: 1 excitation 
or 

2excitation 
1: 1-2 

excitation 


PGl 
trigger 
input 
enable 

0: disable 
1 : enable 


PGO write 
mode 

0: 8bit 
write 

1: 4bit 
write 


PGO iPGOmode iPGO 

Rotaing :(excitation)itrigger 

direction iO: lexcitatiorv input 

« , : or ienable 
0: Normal : 

^ ^. : 2excitatiO(trt ,. , , 

rotation:^. ^ ^ :0: disable 

1 : Reverse : ' ' : 1 : enable 
^ ^. ; excitation: 
rotation: 



' — ^ PGO Trigger inputenable 

Trigger input disable to PGO 

1 Trigger input enable to PGO 



Set the operation mode of PGO 

1 or 2 excitation (full step) 

1 1 -2 excitation (half step) / PG mode 



PGO (stepping motor control) 
Rotaing direction control 



Normal rotation / PG mode 
Reverse rotation 



Selecting PGO write mode 

8-bit write 

^ 4-bit write /PG mode 

(Only shifter alternate register can be 
written.) 



Figure 3.10 (2a). Pattern Generation Control Register (PG01CR) 
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7 


6 


5 4 


3 


2 


1 


bit Symbol 


PATl 


CCW1 


PG1M \ PG1TE 


PATO 


CCWO 


PGOM ; PGOTE 


Read/Write 


R/W 


R/W 


After reset 






















PG1 write 


PG1 


PG1 mode :PG1 


PGO write 


PGO 


PGO mode iPGO 




mode 


Rotaing 


(excitation):trigger 


mode 


Rotaing 


(excitation): trigger 


Function 


0: 8bit 
write 

1: 4bit 
write 


direction 

0: Normal 
rotation 

1 : Reverse 
rotation 


0: lexcitationiinpUt 

or ienable 

2excitation:. , , 

:0: disable 

^ •^'V !l: enable 
excitation : 


0: 8bit 
write 

1 : 4bit 
write 


direction 

0: Normal 
rotation 

1 : Reverse 
rotation 


0: 1 excitation input 
or ienable 
2excitatioft .. . , 

:0: disable 

^•^'V . =1: enable 
excitation : 



^ PG1 trigger input enable 

Trigger input disable to PG1 

1 Trigger input enable to PG1 



Set the operation mode of PGl 

1 or 2 excition (full step) 

1 1-2 excitation (half step) /PG mode 



PGl (stepping motor control) 
Rotaing direction control 

Normal rotation / PG mode 

1 Reverse rotation 



Selecting PGl write mode 

8-bit write 

^ 4-bit write /PG mode 

(Only shifter alternate register can be 
written.) 



Figure 3.10 (2b). Pattern Generation Control Register (PG01CR) 
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7 6 


5 


4 


3 


2 1 1 





bit Symbol 


PG03 PG02 


PG01 


PGOO 


SA03 


SA02 1 SA01 


SAOO 


Read/Write 


W 


R/W 


After reset 











Undefined 


Function 


Pattern Generation (PGO) output latch register 
(Reading the P6 that is set to the PG port allows to read-out.) 


Shift alternate register 
For the PG mode (4-bit write) register 



Prohibit Read 

modify write Figure 3.10 (3). Pattern Generation Register (PGOREG) 





7 6 


5 


4 


3 1 2 1 1 





bit Symbol 


PG13 PG12 


PG11 


PG10 


SA13 j SA12 j SA11 


SA10 


Read/Write 


W 


R/W 


After reset 


1 








Undefined 


Function 


Pattern Generation 1 (PG1) output latch register 
(Reading the P6 that is set to the PG port allows to read-out.) 


Shift alternate register 1 
For the PG mode (4-bit write) register 



Prohibit Read 

modify write Figure 3.10 (4). Pattern Generation 1 Register (PG1REG) 



MCU900-106 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TLCS-900 16-bit Microcontroller 



TMP96C141AF 



T45CR 
(003AH) 





7 


6 5 


4 


3 i 2 i 1 i 


bit Symbol 








PG1T PGOT 1 DB6EN j DB4EN 


Read/Write 


R/W 




R/W 


After reset 









: ; 





Function 


Fix at "0" 

^ Always 
read as 

"0" 




»Gi Shift Ipgo Shift j Double buffer 

trigger [trigger • 0: Disable 
3:8-bittimer :0:8-bit timer j 1: Enable 
trigger ; trigger 


(timerO, 1) : (timerO. 1) i Qouble 
1 : 1 6-bit timer : 1 : 1 6bit timer • buffer Of 
trigger : trigger : TREG6 
(timers) : (timer4) 


Double 
buffer of 
TREG4 



Double buffer control 



Disable 
Enable 



DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 



' Selecting PGO shift trigger 



8-bit timer trigger (timerO, 1) 
1 6-bit timer trigger (timer 4) 



Selecting PGI shift trigger 



8-bit timer trigger (timer 0, 1) 
16-bit timer trigger (timer 5) 



■ Write "0" to this bit, when this register is modified. 



Figure 3.10 (5). 16-bit Timer Trigger Control Register (T45CR) 
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8-Bit tinner 
(timer 0, 1) 



16-Bit timer 4 



A 

Select 
B S 



t 

PGOT 



16-Bit timer 5 



A 

Select 
B S 

t 

PG1T 



Port60-«-63 



Port 64-67 



Figure 3.10 (6). Connection of Timer and Pattern Generator 



(1) Pattern Generation Mode 

PG functions as a pattern generation according to the setting 
of PG01GR <PAT1>/PAT0>. fn this nnode, writing from CPU is 
executed only on the shifter alternate register. Writing a new 
data should be done during the interrupt operation of the timer 
for shift trigger, and a pattern can be output synchronous with 
the timer. 



In this mode, set PG01 OR <PGOM> and <PG1 M> to 1 , 
and PG01 CR <CCWO> and <CCW1 > to 0. 

The output of this pattern generator is output to port 6; 
since port and functions can be switched on a bit basis using 
port function control register P6FC, any port pin can be 
assigned to pattern generator output. 

Figure 3.10 (7) shows the block diagram of this mode. 



Trigger Signal from Timer 
/Timer Interrupt 

Shift alterr^ate register 
output "~" 
(SA03-00) 

Pattern Generator register 

output 

(PG03-00) 



JL 



Example of pattern generation mode 
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Shift alternate register 



BUS3 



SA03 



BUS2 



SA02 



BUS1 



SA01 



BUSO 



SAOO 



PG03 



PG02 



PGOl 



PGOO 



□PG03 
{P63) 



□PG02 
(P62) 



port 



□PGOl 
(P61) 



□PGOO 
(P60) 



Shift due to the shift trigger from timer 



Figure 3.10 (7). Pattern Generation Mode Block Diagram (PGO) 



In this pattern generation nriode, only writing the output mode. Accordingly, the data shifted by trigger signal fronn a 
latch is disabled by hardware, but other functions do the sanne timer must be written before the next trigger signal is output, 
operation as 1 -2 excitation in stepping motor control port 
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(2) Stepping Motor Control Mode 

® 4-phase 1 -Step/2-Step Excitation 



Figure 3.10 (8) and Figure 3.10 (9) show the output 
waveforms of 4-phase 1 excitation and 4-phase 2 excita- 
tion, respectively when channel (PGO) is selected. 



Trigger signal 

from timer n 



PG00(P60) 
PGOl (P61) 
PG02(P62) 
PG03(P63) 



Ji n n n 



b4 b7 



b5 b4 



|b6 

b7 



b5 



b4 



b6 



b5 



b5 



b4 



b7 



b6 



b5 



b4 



Jb5 

b? 



Initial value of PGOREG <- 01 00 x x x x 

Note: bn Indicates the initial value of PGOREG <- b7 b6 b5 b4 x x x x 

Normal Rotation 



Trigger signal 
from timer 



PGOO (P60) 
PGOl (P61) 
PG02 (P62) 
PG03 (P63) 



J] TL 



Jb6 



JL. 



b6 



b4 



b5 



b4 



b5 



b6 



Jb6 



Initial value of PGOREG f- 01 00 x x x x 

(D Reverse Rotation 



ii n 

b4 



JL 



Jl 



J]_ 



Figure 3.10 (8). Output Waveforms of 4-Phase 1-Step Excitation 
(Normal Rotation and Reverse Rotation) 
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Trigger signal 
from timer 



PGOO (P60) 
PG01 (P61) 
PG02 (P62) 
PG03 (P63) 



b4 



b7 



SI 



|b7 

b4 



be 



b6 



bS 



Jl 



JbT 

b4 



Initial value of PGOREG <- 0100 x x x x 



Jl (1 

b4 r" 



be 



b7 



JL- 



Figure 3.10 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation) 



The operation when channel is selected is 
explained below. 

The output latch of PGO (also used as P6) is shifted 
at the rising edge of the trigger signal from the timer to be 
output to the port. 

The direction of shift is specified by PG01CR 
<CCWO>: Normal rotation (PGOO -> PG01 -> PG02 
PG03) when <GGWO> is set to "0"; reverse rotation 
(PGOO <- PG01 <r- PG02 <- PG03) when "1 ". Four-phase 



1 -step excitation will be selected when only one bit Is set 
to "r during the initialization of PG, while 4-phase 2-step 
excitation will be selected when two consecutive bits are 
set to "1". 

The value in the shift alternate registers are ignored 
when the 4-phase 1 -step/2 -step excitation mode is 
selected. 

Figure 3.1 (1 0) shows the block diagram. 



Shift alternate Register 



PGO Output latch 





b7 










b3 


SA03 






















<D 


b2 


SA02 




C 








b5 




<x> 







+-» 


b1 ^ 


SA01 




c 




















bO ^ 


SAOO 











[TL 



PG03 






PG02 






PG01 




FL 


PGOO 



'-□pG03(P63) 
'-□pG02 (P62) 



-□pGOI (P61) 
-□PGOO (P6Q) 



JTL is showing to shift the signal at the 
rising edge of trigger signal from 
timer. 



Figure 3.10 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation 

(Normal Rotation) 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



MCU900-111 



TMP96C1 41 AF TLCS-900 1 6-bit Microcontroller 



4-Phase 1 -2 Step Excitation phase 1 -2 step excitation when channel is selected. 

Figure 3.1 (1 1 ) shows the output waveforms of 4- 



Trigger signal 
from timer 



PGOO (P60) 
PG01 (P61) 
PG02 (P62) 
PG03 (P63) 



ji n 

bo n 



JI TL 



b3 
bO 



b2 



b6 



b3 



bO 



b5 



PGOO (P60) 
PG01 (P61) 
PG02 (P62) 
PG03 (P63) 



b4 



b1 



b5 



b2 



Jb6 



b5 



J b6 



b6 b3 
b7 I bO 



b7 
b4 



bS 
I bO 



bl 



b4 



b5 



b2 



Initial value of PGOREG <- 10001 1 00 



Reverse Rotation 



b5 



b6 



Jb7 
b4 



b7 
b4 



b5 



b6 



Jl_ 

bl 



b3 
bO 



Initial value of PGOREG <- 1 1001000 

Note: bn denotes the initial value of PGOREG <- b7 b6 b5 b4 b3 b2 bl bO 

Normal Rotation 



Trigger signal 
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b2 



Figure 3.10 (11). Output Waveforms of 4-Phase 1-2 Step Excitation 
(Normal Rotation and Reverse Rotation) 
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The initialization for 4-phase 1 -2 step excitation is as 
follows: 

By rearranging the initial value "b7 b6 b5 b4 b3 b2 
b1 bO" to "b7 b3 b6 b2 b5 b1 b4 bO", the consecutive 3 
bits are set to "1 " and other bits are set to "0" (positive 
logic). 

For example, if b7, b3, and b6 are set to "1 ", the ini- 
tial value beconnes "11 001 000", obtaining the output 
waveforms as shown in Figure 3.10 (1 1). 

To get an output waveform of negative logic, set val- 
ues 1 s and O's of the initial value should be inverted. For 



example, to change the output waveform shown in Fig- 
ure 3.10 (1 1) into negative logic, change the initial value 
to "001 101 11". 

The operation will be explained below for channel 0. 

The output latch of PGO (shared by P6) and the 
shifter alternate register (SAO) for Pattern Generation are 
shifted at the rising edge of trigger signal from the timer 
to be output to the port. The direction of shift is set by 
PG01CR <CGWO>. 

Figure 3.10 (1 2) shows the block diagram. 



b7 



Shifter alternate 

register 



b3 



b6 



b2 



b5 



b1 



b4 



bO 



SA03 



SA02 



SA01 



_L 



SAOO 



PGO Output 



ITl 



PG03 



PG02 



FL 



PG01 



FL 



PGOO 



PG03 (P63) 



PG02 (P62) 



PG01 (P61) 



PGOO (P60) 



J\_ is showing to shift the signal at the rising 
edge of trigger signal from the timer. 



Figure 3.10 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation) 
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Setting example: To drive cliannel (PGO) by 4-phase 1 -2 
step excitation (normal rotation) when 



timer is selected, set each register as follows: 







7 


6 


5 


4 


3 


2 


1 







TRUN 


<- 


- 


X 















stop timer 0, and clears it to zero. 


TMOD 


<- 








X 


X 


~ 


~ 





1 


Set 8-bit timer mode and selects 0T1 as ttie input clock of timer 0. 


TFFCR 


<- 


X 


X 


X 





1 





1 





Clear TFF1 to zero and enables the inversion trigger by timer 0. 


TREGO 


<- 
















* 


Set ttie cycle in timer register. 


P6CR 


<r- 










1 


1 


1 


1 


Set P60 ~ P63 bits to the output mode. 


P6FC 


<- 










1 


1 


1 


1 


SetP60-P63bitstothe PG output. 


PG01CR 


<- 
















1 


1 


Select PGO 4-phase 1 - 2 step excitation mode and normal rotation. 


PGOREG 


<- 


1 


1 








1 











Set an initial value. 


TRUN 


<- 


1 














1 


Start timer 0. 


Note: x; don't care 




-; no change 













(3) Trigger Signal From Timer 

The trigger signal from the timer which is used by PG is not 



equal to the trigger signal of timer flip-flop (TFF1 , TFF4, TFF5, 
and TFF6) and differs as shown in Table 3.1 (1) depending on 
the operation mode of the timer. 



Table 3.10 (1) Select of Trigger Signal 





TFF1 Inversion 


PG Shift 


8-bit timer mode 


Selected by TFFCR <TFF1 IS> when the up-counter value matches 
TREGO orTREGI value. 




16-bit timer mode 


When the up-counter value matches with both TREGO and TREG1 
values. (The value of up-counter = TREG1*2^ + TREGO) 




PPG output mode 


When the up-counter value matches with both TREGO and TREG1. 


When the up-counter value matches TREG1 value (PPG cycle). 


PWM output mode 


When the up-counter value matches TREGO value and PWM cycle. 


Trigger signal for PG is not generated. 



Note: To shift PG. TFFCR <TFF1 IE> must be set to "1 " to enable TFF1 inversion. 



Channel 1 of PG can be synchronized with the 1 6-bit 
timer Timer 4/Timer 5. In this case, the PG shift trigger signal 
from the 1 6-bit timer is output only when the up-counter UC4/ 
UC5 value matches TREG5/TREG7. 

When using a trigger signal from Timer 4, set either 



T4FFGR <EQ5T4> or T4M0D <EQ5T5> to "1 " and a trigger is 
generated when the value in UC4 and the value in TREG5 
match. When using a trigger signal from Timer 5, set T5FFCR 
<EQ7T6> to 1 . Generates a trigger when the value in UC5 and 
the value in TREG7 match. 
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(4) Application of PG and Timer Output 

As explained in "Trigger signal from timer", the timing to shift 
PG and invert TFF differs depending on the mode of timer. An 
application to operate PG while operating an 8-bit timer in 



PPG mode will be explained below. 

To drive a stepping motor, in addition to the value of each 
phase (PG output), synchronizing signal is often required at the 
timing when excitation is changed over. In this application, port 
6 is used as a stepping motor control port to output a synchro- 
nizing signal to the T01 pin (shared by P71). 



T01 (P71) . 
PG00(P60) . 
PG01 (P61) . 
PG02 (P62) 

PG03 (P63) . 



_n_ 

TREGO 



JT 



il 



r 

"L 

r 



Figure 3.10 (13). Output Waveforms of 4-Phase 1-Step Excitation 



Setting example: 
7 

TRUN <r- - 

TMOD <- 1 

TFFCR <- X 

TREGO f- * 

TREG1 <- * 

P7CR <- X 

P7FC <- X 

P6CR <- - 

P6FC <r- - 

PG01CR <r- - 

PGOREG <- * 

TRUN <- 1 



Stop timer 0, and clears it to zero. 

Set timer and timer 1 in PPG output mode and selects 0T1 as the input clock. 
Enable TFF1 inversion and sets TFF1 to "1". 
Set the duty of T01 to TREGO. 
Set the cycle of T01 toTREGl 



) Assign P71 as T01. 
) Assign P60 - 63 as PGO. 



Set PGO in 4-phase 1-step excitation mode. 
Set an initial value. 
Start timerOand timerl. 



Note: x; don't care -; no change 
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3.11 Serial Channel 

The TMP96C141 AF contains two serial I/O channels for full 
duplex asynchronous transnnission (DART) 



Note: TMP96C141AF/TMP96C041AF/ 
TMP96CM40F/n-MP96PM40F with 
Channel and 1 . 

— • Asynchronous transmission 
(UART) nnode (channel and 1) 



In nnode 1 and nnode 2, a parity bit can be added. Mode 
3 has wake-up function for making the master controller start 
slave controllers in serial link (multi-controller system). 



as well as for I/O extension. 

The serial channel has the following operation modes: 



To transmit and receive I/O data as well as 

the synchronizing signal SCLK for extending I/O. 



Mode 1 : 7-bit data 
Mode 2: 8-bit data 
Mode 3: 9-bit data 



Figure 3. 11 (1) shows the data format (for one frame) in 
each mode. 



• I/O interface mode ModeO: 

(channel 1 only) 



• Mode 0(1/0 interface mode) 

— Transfer direction 

• Mode 1 (7-bit UART mode) 

■'■\s«rt/^j^^^^ 

• Mode 2 (8-bit UART mode) 

• Mode 3 (9-bit UART mode) 

•■■■\!!!2>©(I)(IXD 

\stan (Wake-up) 

When bit 8 = 1 , address (select code) is denoted. 
Wtien bit 8 = 0, data is denoted. 

Figure 3.11 (1). Data Formats 
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The serial channel has a buffer register for transmitting 
and receiving operations, in order to temporarily store trans- 
mitted or received data, so that transmitting and receiving 
operations can be done independently (full duplex). 

However, in I/O interface mode, SCLK (serial clock) pin is 
used for both transmission and receiving, the channel 
becomes half-duplex. 

The receiving data register is of a double buffer structure 
to prevent the occurrence of overrun error and provides one 
frame of margin before CPU reads the received data. The 
receiving data register stores the already received data while 
the buffer register receives the next frame data. 

By using CTS and RTS (there is no RTS pin, so any one 
port must be controlled by software), it is possible to halt data 
send until CPU finishes reading receive data every time a frame 
is received (Handshake function). 

In the UART mode, a check function is added not to start 
the receiving operation by error start bits due to noise. The 
channel starts receiving data only when the start bit is 



detected to be normal at least twice in three samplings. 

When the transmission buffer becomes empty and 
requests the CPU to send the next transmission data, or when 
data is stored in the receiving data register and the CPU is 
requested to read the data, INTTX or INTRX interrupt occurs. 
Besides, if an overrun error, parity error, or framing error occurs 
during receiving operation, flag SC0CR/SC1CR <OERR, 
PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate gen- 
erator, which can set any baud rate by dividing the frequency 
of four clocks (0TO, 0T2, 0T8, and 0T32) from the internal pres- 
caler (shared by 8-bit/1 6-bit timer) by the value 2 to 1 6. 

In I/O interface mode, it Is possible to input synchronous 
signals as well as to transmit or receive data by external clock. 

3.11.1 Control Registers 

The serial channel is controlled by three control registers 
SCOCR, SCOMOD, and BROCR. Transmitted and received 
data is stored in register SCOBUF. 
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SCOMOD 
(0052H) 





7 


6 


5 


4 


3 


2 j 1 





bit Symbol 


TBS 


CTSE 


RXE 


WU 


SMI 


SMO i SCI 


SCO 


ReadA/Vrite 


R/W 


After reset 














; i i 


Function 


Transfer 
data 
Bits 


Hand 
shake 

0: CTS 

disable 
1 : CTS 

enable 


Receiving 
Function 
0: Receive 

disable 
1: Receive 

enable 


Wake up 
Function 

0: disable 
1: Enable 


Serial transmission jSerial transmission 
mode iciock (UART) 
00: Can not be used iOO: TOO Trigger 
01 : 7-bit UART joi : baud rate 
10:B-bitUART generator 
1 1 : 9-bit UART :1 0: Internal clock ^ 1 
ill: don't care 



ill 



Serial transmission clock (UART) 



00 


Timer match detect signal 


01 


Baud rate generator 


10 


Internal clock 4>1 


11 


don't care 


Serial transmission mode 


00 


Can not be used 


01 


j 7-bit length 


10 


UART 1 8-bit length 


11 


: 9-bit length 



Wake-up Function 





9-bit UART 


Other mode 





Interrupt when 
data are received 


don't care 


1 


Interrupt only 
when RBS = 1 


Receiving Function 





Receive Disable 


1 


Receive Enable 



Hand shake function (CTS Pin) enable 



Disable (always Transferable) 

1 Enable 



Transmission data bit 8 



Note: There is SC1 MOD (56H) in Channel 1 

Figure 3.11 (2). Serial Mode Control Register (Channel 0, SCOMOD) 
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SCOCR 
(0051 H) 





7 


6 


5 


4 


3 


2 1 





bit Symbol 


RB8 


EVEN 


PE 


OERR 


PERR 


FERR i — 




Read/Write 


R 


R/W 


R ( cleared to Zero when read) • R/W 


After reset 










; i i 





Function 


Received 
data 
Bits 


Parity 
0: Odd 
1: Even 


Parity 
addition 
0: Disable 
1: Enable 


i Fix at "0" 

1 : error 


Fix at "0" 


Overrun 


Parity 


Framing 



I I \ I I I I 



-Framing error flag 
■Parity error flag 
'Overrun error flag 



L Cleared to Zero 
r when read. 



Enable parity addition 

Prohibition (disable) 

1 Permission (enable) 
Addition / check of even parity 

Odd parity 

1 Even parity 



Receving data bit 8 



Note: Serial control register for channel 1 is SC1CR (55H). 

As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction. 



Figure 3.1 1 (3). Serial Control Register (Channel, SCOCR) 
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BROCR 
(0053H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 






BROCK 1 


BROCKO 


BR0S3 


BR0S2 


BR0S1 


BROSO 


Read/Write 






R/W 


After reset 

























Function 


Fix at "0" 




00: ?JT0{fc/4) 
01: ,JT2(fc/16) 
10: yiT8(fc/64) 
1 1 : vH32 (fc/256) 


Setting of the Divided frequency 



Setting of the divided frequency 
of baud rate generator 



0000 


16 divisions 


0001 


Don't set 


0010 

s 

1111 


2 to 15 divisions 



Selecting the input clock of 
baud rate generator 



00 


Internal clock ^TO (fc/4) 


01 


Internal clock ^T2 (fc/16) 


10 


Internal clock ^T8 (fc/64) 


11 


Internal clock ^T32 (fc/256) 



Note: As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction. 

Figure 3.11 (4). Serial Channel Control (Channel 0, BROCR) 



SCOBUF 
(50H) 



7 


6 


5 


4 


3 


2 


1 





TB7 


TB6 


TBS 


TB4 


TBS 


TB2 


TB1 


TBO 


7 


6 


5 


4 


3 


2 


1 





RB7 


RB6 


RB5 


RB4 


RB3 


RB2 


RB1 


RBO 



fTransmission) 



(Receiving) 



Figure 3.11 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF) 
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SC1MOD 
(0056H) 



— 


7 


6 


5 


4 


3 2 


1 


bit Symbol 


TBS 




RXE 


WU 


SMI SMO 


SCI SCO 


Read/Write 


R/W 


After reset 






















Transferee) 


Fix at "0" 


Receiving 


Wake up 


Serial Transmission 


Serial Transmission 




data 




Function 


Function 


mode 


clock (UART) 




Bits 




0: Receive 


0: disable 


•00: I/O interface 


00: TOO Trigger 








disable 


1: enable 


mode 


01: Baud rate 


Function 






1: Receive 




01: 7-Bit U ART 


generator 








Enable 




10: 8-Bit UART 


10: Internal clock 4)1 












11: 9-Bit UART 


1 1 : don't care 



I ,_J I . I .I 



Serial transmission clock (For UART) 



00 


Timer match detect signal 


01 


Baud rate generator 


10 


Internal clock <(>1 


11 


don't care 



Note : The clock selection for the I/O interface 
mode is controlled by the serial control 
register (SC ICR). 
Serial transmission mode 



00 


I/O interface mode 


01 


i 7-Bit length 


10 


UART mode 1 8-Bit length 


11 


i 9-Bit length 



Wake up Function 





9-Bit UART 


Other mode 





Interrupt when 
data are received 


don't care 


1 


Interrupt only 
when RB8 = 1 



Receiving control 
Receive disable 



1 Receive enable 



' ^ Transmission data bit 8 

Figure 3.11 (6). Serial Mode Control Register (Channel 1, SCI MOD) 
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SC1CR 
(0055H) 





7 


6 


5 


4 3 


2 1 





bit Symbol 


RB8 


EVEN 


PE 


OERR : PERR 


FERR ; SCLKS 


IOC 


Read/Write 


R 


R/W 


R (clear to Zero when read) R/W 


After reset 



















Function 


Received 
data 
Bits 


Parity 
0: Odd 
1 : Even 


Parity 
addition 
0: Disable 
1 : Enable 


i 0:SCLK1 


0: 

Baud rate 
generator 
1: SCLK1 
Pin input 


Overrun 


Parity 


; 1:SCLK1 
Framing : 

|0-) 



I , I , I , I , I , I , I , I — , — I 



Select I/O interface input clock (Notei) 



Baud rate generate 



1 SCLK1 Pin input 



Notei : For channel 0, fix this bit to "0" 



Edge selection in SCLK pin input mode 



Transmits and receives ( f ) 

data at raise edge of SCLK 



Transmits and receives ( 
data at fall edge of SCLK 



Framing error flag 
Parity error flag 
Overrun error flag 

Enable parity addition 



L Cleared to Zero 
( when read 



Disable 



1 Enable 



Addition / check of even parity 



Odd Parity 



1 Even Parity 



Receiving data bits 



Note: As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction. 

Figure 3.11 (7). Serial Control Register (Channel 1, SC1CR) 
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BR1CR 
{0057H) 





7 


6 


5 


4 


3 2 


1 


bit Symbol 






BRICKI 


BR1CK0 


BR1S3 i BR1S2 


BR1S1 i BR1S0 


ReadA/Vrite 








After reset 










: i j 


Function 


Fix at "0" 




00: ?iT0(fc/4) 
01: yiT2 (fc/16) 
10: ^T8(fc/64) 
^^:^T32 (fc/256) 


Setting of the Divided frequency 



Setting of the divided frequency of baud rate 
generator 



0000 


16 divided 


0001 


Don't set 


0010 

\ 

1111 


2 to 5 divisions 



Selecting the input clock of baud rate generator 



00 


Internal clock ^TO (fc/4) 


01 


Internal clock ,5 T2 (fc/16) 


10 


Internal clock ^T8(fc/64) 


11 


Internal clock ^T32 (fc/2S6) 



Note: To use baud rate generator, set TRUN <PRRUN> to "1 ", putting the prescaler in RUN mode. 

Figure 3.11 (8). Baud Rate Generator Control Register (Channel 0, BROCR) 



SC1BUF 
(0054H) 



7 


6 


5 


4 


3 


2 


1 





TB7 


TB6 


TBS 


TB4 


TB3 


TB2 


TB1 


TBO 


7 


6 


5 


4 


3 


2 


1 





RB7 


RB6 


RB5 


RB4 


RB3 


RB2 


RB1 


RBO 



(Transmission) 



(Receiving) 



Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF) 
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7 


6 


5 


4 


3 


2 


1 





bit Symbol 






P95F 




P93F 


P92F 




P90F 


Read/Write 






W 




W 


W 




W 






























0: PORT 
IrSCLKI 




0: PORT 
1:TxDl 


0: PORT 
1 : SCLKO 




0: PORT 
1 : TxDO 



Prohibit Read 
modify write 

Note : The TMP96CM40 and TMP96PM40 
have register P92F, The TMP96C141 
does not. (In other wordes, SCLK 
cannot be specified.) 



L Setting P90 as TxDO output 

Port output 

1 TxDO (channel 0) output 
Setting P93 as TxDI output 

Port output 

1 TxDI (channel 1) output 
Setting P95 as SCLK output 

Port output 

1 SCLK 1 (channell) output 



Figure 3.11 (10). Port 9 Function Register (P9FC) 



ODE 
(0058H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 














0DE1 


ODEO 


ReadA/Vrite 














R/W 




































P93 
0: CMOS 
1: OPEN 
Drain 


P90 
0: CMOS 
1: OPEN 
Drain 



Setting P90 as Open-drain output 



CMOS output 
Open-drain output 



Setting P93 as Open-drain 



CMOS output 
Open-drain output 



Port 3.11 (11). Port 9 Open Drain Enable Register (ODE) 
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3.11.2 Configuration 

Figure 3. 11 (1 2) shows the block diagram of the serial channel 0. 



Serial clock generation circuit 



BR0CR<BR0CK1, 0> TOOTRG (Timer comparator output) 

"it""""""": L 



,5 TO (fc/4) 
^T2(fc/16) 
^T8 (fc/64) -j-.^ 
!,iT32 (fc/256) -f*- 



,S1 (fc/2)- 



• Baud rate 

generator 



1 1 



SCOMOD 
<SC1,0> 









INTRXO INTTXO 

f t 






Receive 


SCOMOD 


Serial channel 




Transmission 


counter 


<WU> 


interrupt 




counter 




16) 




control 






16) 



RXDCLKi 

SCOMOD 

<RXE>- 



Receive 
control 



RxDO D- 



(Shared byP91) 



SCOCR 
<PE> <EVEN> 

i L 



Receive bufferl (Shift register) 



Parity control 



Receive buf fer2 (SCOBUF) 



Error flag 

n — I — r— 



SCOCR 

<OERR><PERR><FERR> 



I I I 



Internal bus 



TXDC LK I t 



Transmission 
control 



There isn't in 
channel 1 



Transmission buffer (SCOBUF) 



-*-DTxDO 
(Shared by P90) 



Figure 3.11 (12). Block Diagram of the Serial Channel 
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Figure 3. 11 (1 3) shows the block diagram of the serial channel 1 . 



l,}T2{fc/16) ■ 
;^T8(fc/64) ■ 
1,4132 (fc/256)-i*|'?i 



5CLK1 D- 
^ (Shared 



- Serial clock generation circuit 



BR1CR<BR1CK1.0> TOOTRG (Ti mer comparator output) 



!^l(fc/2)- 



. Baud rate . 
generator 



TT 



SC1M0D 
<SC1,0> 



TT 



SC1MOD 
<SM1,0> 



I/O interface mode 



SCLKI ID- 
Output 
(Shared 
^ by PdS) 



SCI MOD 
<IOC> 



Receive 
counter 
(UARTonly -r 16) 

RXD CLK jr f 



Receive 
<RXE>-H control 



INTRX1 INTTX1 

1 t 



SCI MOD) Serial channel 
interrupt 
control 



Transmission 
counter 
(UARTonly +16) 



TXDC LK \ f 



Transmission 
control 



RxDO 
(Shared by P94) 



J L 

I Parity control j 



Receive bu»fer1{Shi1t register) 



RB8 Receive buffer2 (SC1BUF) 



Error flag 

— T — I — r- 



t » t 

Internal bus 







1 TBS 1 Transmission buHer (SCI BUF) |- 











-KDTxDO 
(Shared by P93) 



Figure 3.11 (13). Block Diagram of the Serial Channel 1 
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® Baud Rate Generator 

Baud rate generator connprises a circuit that gener- 
ates transmission and receiving clocks to determine the 
transfer rate of the serial channel. 

The input clock to the baud rate generator, <f)TO (fc/ 
4), <f>T2 (fc/16), (f>J8 (fc/64). or ^T32 (fc/256) is generated 
by the 9-bit prescaler which is shared by the timers. One 



of these input clocks is selected by the baud rate genera- 
tor control register BR0CR/BR1 CR <BR0CK1 , 0/ 
BR1CK1,0>. 

The baud rate generator includes a 4-bit frequency 
divider, which divides frequency by 2 to 16 values to 
determine the transfer rate. 

How to calculate a transfer rate when the baud rate 
generator is used is explained below. 



• UARTmode 

Transfer rate = Input clock of baud rate generator ^ 

Frequency divisor of baud rate generator 

• I/O interface mode 

Transfer rate = Input clock of baud rate generator ^ ^ 

Frequency divisor of baud rate generator 



The relation between the input clock and the source clock (fc) is as follows: 
0TO = fc/4 
^T2= fc/16 
0T8= fc/64 
0T32 = fc/256 



Accordingly, when source clock fc is 1 2.288 MHz, input clock is ^T2 (fc/1 6), and frequency divisor is 5, the transfer rate 
in DART mode becomes as follows: 

Transfer rate = fc/16 ^ ^ q 

5 

= 1 2.288 X 1 0^/1 6/5/1 6 = 9600 (bps) 



Table 3.1 1 (1) shows an example of the transfer rate in UART mode. 

Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.1 1 (2) shows an example of baud rate using 
timer 0. 

Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used) 

Unit(kbps) 



fc [Mhz] 


Input Clock 

Frequency\,^^ 
Divisor 


0TO 
(fc/4) 


0T2 
(fc/16) 


(fc/64) 


0T32 
(fc/256) 


9.830400 


2 


76.800 


19.200 


4.800 


1.200 


T 


4 


38.400 


9.600 


2.400 


0.600 


T 


8 


19.200 


4.800 


1.200 


0.300 


t 





9.600 


2.400 


0.600 


0.150 


12.288000 


5 


38.400 


9.600 


2.400 


0.600 


T 


A 


19.200 


4.800 


1.200 


0.300 


14.745600 


3 


76.800 


19.200 


4.800 


1.200 


t 


6 


38.400 


9.600 


2.400 


0.600 


T 


C 


19.200 


4.800 


1.200 


0.300 



Note: Transfer rate in I/O interface mode is 8 times as fast as the values given in the above table. 
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Table 3.1 1 (2) Selection of Transfer Rate (1) (When Timer (Input Clock <^T1) is Used) 



Unit(Kbps) 



TREGO ^^^^..^^ 


12.288MHz 


12IVIHZ 


9.8304MHz 


8MHz 


6.144MHz 


in 


cJD 




7R ft 




4ft 


2H 


HO 




38.4 


31 .25 


24 


3H 


32 


31.25 






16 


4H 


24 




19.2 




12 


5H 


19.2 








9.6 


8H 


12 




9.6 




6 


AH 


9.6 








4.8 


10H 


6 




4.8 




3 


14H 


4.8 








2.4 



How to calculate the transfer rate (when timer is used): 

Transfer rate = fc 

TREG0x8x16 



-(When timer (input clock 0T1) is used) 



Input clock of timer 
0T1 = 
0T4= 
0T16= ^7128 

Note: Timer match detect signal cannot be used as the transfer clock in I/O interface mode. 



Serial Clock Generation Circuit 



Receiving Counter 



This circuit generates the basic clock for transmitting 
and receiving data. 

1) I/O interface mode (channel 1 only) 

When in SCLK output mode with the set- 
ting of SC1 CR <IOC> = "0", the basic clock 
will be generated by dividing by 2 the output 
of the baud rate generator as described 
before. When in SCLK input mode with the 
setting of SCI CR <IOC> = "1 the rising 
edge or falling edge will be detected accord- 
ing to the setting of SC1CR <SCLKC> regis- 
ter to generate the basic clock. 

2) Asynchronous Communication (UART) mode 



According to the setting of SCOCR and 
SC1 CR <SC1 , 0>, the above baud rate gen- 
erator clock, internal clock 01 (500 Kbps @ fc 
= 1 6 MHz), or the match detect signal from 
timer will be selected to generate the basic 
clock SIOCLK. 



The receiving counter is a 4-bit binary counter 
used in asynchronous communication (UART) mode 
and counts up by SIOCLK clock. Sixteen pulses of 
SIOCLK are used for receiving one bit of data, and 
the data bit is sampled three times at 7th, 8th and 
9th clock. 

With the three samples, the received data is 
evaluated by the rule of majority. 

For example, if the sampled data bit is "1 ", "0" and 
"1 " at 7th, 8th and 9th clock respectively, the received 
data is evaluated as "1 ". The sampled data "0", "0" and 
"1 " is evaluated that the received data is "0". 

Receiving Control 

1) I/O interface mode (channel 1 only) 



MCU900-128 



When in SCLK1 output mode with the 
setting of SC1CR <IOC> = "0", RxDI signal 
will be sampled at the rising edge of shift 
clock which is output to SCLK pin. 

When in SCLK input mode with the set- 
ting SC1 CR <IOC> = "1 ", RxDI signal will be 
sampled at the rising edge or falling edge of 
SCLK input according to the setting of 
SC1CR <SCLKS> register. 
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2) Asynchronous Connnnunication (UART) mode 

The receiving control has a circuit for 
detecting the start bit by the rule of majority 
When two or more "0" are detected during 3 
samples, it is recognized as start bit and the 
receiving operation is started. 

Data being received is also evaluated by 
the rule of majority. 

Receiving Buffer 



To prevent overrun error, the receiving buffer has a 
double buffer structure. 

Received data is stored one bit by one bit in the 
receiving buffer 1 (shift register type). When 7 bits or 8 
bits of data are stored in the receiving buffer 1 , the stored 
data is transferred to another receiving buffer 2 (SCOBUF/ 
SC1 BUF), generating an interrupt INTRX0/INTRX1 . The 
CPU reads only receiving buffer 2 (SC0BUF/SC1 BUF). 
Even before the CPU reads the receiving buffer 2 
(SC0BUF/SC1 BUF), the received data can be stored in 



the receiving buffer 1 . However, unless the receiving 
buffer 2 (SC0BUF/SC1 BUF) is read before all bits of the 
next data are received by the receiving buffer 1 , an over- 
run error occurs. If an overrun error occurs, the contents 
of the receiving buffer 1 will be lost, although the contents 
of the receiving buffer 2 and SCOCR <RB8> SC1CR 
<RB8> are still preserved. 

The parity bit added in 8-bit UART mode and the 
most significant bit (MSB) in 9-bit UART mode are stored 
in SCOCR <RB8>/SC1CR <RB8>. 

When in 9-bit UART mode, the wake-up function of 
the slave controllers is enabled by setting SCOMOD 
<WU>/SC1 MOD <WU> to "1 ", and interrupt INTRXO/ 
INTRX1 occurs only when SCOCR <RB8>/SC1CR 
<RB8> is set to "1". 

® Transmission Counter 

Transmission counter is a 4-bit binary counter which 
is used in asynchronous communication (UART) mode 
and, like a receiving counter, counts by SIOCLK clock, 
generating TxDCLK every 1 6 clock pulses. 



SIOCLK JUUULXXXXJUUULXJ^^ 

15 16 If? 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16}]^ 2 
TXDCLK |ij jlj 

Figure 3.11 (14). Generation of Transmission Clock 



® Transmission Controller 



1 ) I/O interface mode (channel 1 only) 

In SCLK output mode with the setting of 
SCI CR <IOC> = "0", the data in the trans- 
mission buffer are output bit by bit to TxDI 
pin at the rising edge of shift clock which is 
output from SCLK1 pin. 

In SCLK input mode with the setting 
SC1 CR <IOC> = "1 the data in the trans- 
mission buffer are output bit by bit to TxDI 



pin at the rising edge or falling edge of SCLK 
input according to the setting of SCI CR 
<SCLKC> register. 

2) Asynchronous Communication (UART) mode 

When transmission data is written in the 
transmission buffer sent from the CPU, trans- 
mission starts at the rising edge of the next 
TxDCLK, generating a transmission shift 
clock TxDSFT. 
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Handshake function 



Serial channel has a CTSO pin. Using 
this pin, data can be sent in units of one 
frame; thus, overrun errors can be avoided. 
The handshake function is enabled/disabled 
by SCOMOD <CTSE>. 

When the CTSO pin goes high, after 
completion of the curr ent dat a send, data 
send is halted until the CTSO pin goes low 



again. The INTTXO Interrupts are generated, 
requests the next send data to the CPU. 

Though there is no RTS pin, a hand- 
shake function can be easily co nfigur ed by 
setting a ny po rt assigned to the RTS func- 
tion. The RTS should be output "High" to 
request data send halt after data receive is 
completed by a software in the RXD interrupt 
routine. 



TxD 
CTS 




RxD 

RTS (any port) 







Sender 



Receiver 



Figure 3.11 (15). Handshake Function 



Timing to write 



transmission buffer 
CTS 



jiSend is suspendedjv- 
from(1)to(2). ^ 



0) 13 14 15 16 1 2 3 14 15 16 1 2 3 

n , n 



TxDCLK ^V- 



TxD 



A start bit » X bitO 



Note 1 : If the CTS signal falls during transmission, the next data i s not sent after the completion of the current transmission. 
Note 2: Transmission starts at the first TxDCLK clock fall after the CTS signal falls. 

Figure 3.11 (16). Timing of CTS (Clear to Send) 
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® Transmission Buffer 

Transmission buffer (SC0BUF/SC1 BUF) shifts to and 
sends the transmission data written from the CPU from 
the least significant bit (LSB) in order, using transmission 
shift clock TxDSFT which is generated by the transmis- 
sion control. When all bits are shifted out, the transmis- 
sion buffer becomes empty and generates INTTXO/ 
INTTX1 interrupt. 

® Parity Control Circuit 

When serial channel control register SCOCR <PE>/ 
SC1 CR <PE> is set to "1 ", it is possible to transmit and 
receive data with parity. However, parity can be added 
only in 7-bit UART or 8-bit UART mode. With SCOCR 
<EVEN>/SC1CR <EVEN> register, even (odd) parity can 
be selected. 

For transmission, parity is automatically generated 
according to the data written in the transmission buffer 
SCBUF, and data are transmitted after being stored in 
SCOBUF <TB7>/SC1 BUF <TB7> when in 7-bit UART 
mode while in SCMOD <TB8>/SCM0D <TB8> when in 
8-bit UART mode. <PE> and <EVEN> must be set 
before transmission data are written in the transmission 
buffer. 

For receiving, data is shifted in the receiving buffer 1 , 
and parity is added after the data is transferred in the 
receiving buffer 2 (SC0BUF/SC1 BUF), and then com- 
pared with SCOBUF <RB7>/SC1 BUF <RB7> when in 7- 



bit UART mode and with SCOMOD <RB8>/SC1 MOD 
<RB8> when in 8-bit UART mode. If they are not equal, a 
parity error occurs, and SCOCR <PERR>/SC1CR 
<PERR> flag is set 

® Error Flag 

Three error flags are provided to increase the reliabil- 
ity of receiving data. 

1. Overrun error <OERR> 

If all bits of the next data are received in 
receiving buffer 1 while valid data is stored in 
receiving buffer 2 (SCBUF), an overrun error 
will occur. 

2. Parity error <PERR> 

The parity generated for the data shifted 
in receiving buffer 2 (SCBUF) is compared 
with the parity bit received from RxD pin. If 
they are not equal, a parity error occurs. 

3. Framing error <FERR> 

The stop bit of received data is sampled 
three times around the center. If the majority 
is "0", a framing error occurs. 



<0> Generating Timing 
1) UART mode 

Receiving 



— — .__^Mode 


9-Bit 


8-Bit + Parity 


8-Bit, 7-Bit + Parity, 7-Bit 


Interrupt timing 


Center of last bit (Bit 8) 


Center of last bit (parity bit) 


Center of stop bit 


Framing error timing 






Center of stop bit 


Parity error timing 


Center of last bit (Bit 8) 


Center of last bit (parity bit) 


Center of stop bit 


Overrun error timing 


Center of last bit (Bit 8) 


Center of last bit (parity bit) 


Center of stop bit 



Note: Framing error occurs after an interrupt has occurred. Therefore, to check for framing error during interrupt operation, it is necessary to wait for 1 bit 
period of transfer rate. 

Transmitting 



^ — — -_^J/lode 


9-Bit 


8-Bit + Parity 


8-Bit, 7-Bit + Parity, 7-Bit 


Interrupt timing 


Just before last bit is transmitted. 




<- 
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2) I/O Interface mode 



Transmission interrupt timing 


SCLK output mode 


Immediately after rise of last SCLK signal (See Figure 3.1 1 (19)). 


SCLK input mode 


Immediately after rise of last SCLK signal (rising mode), or immediately after fall in falling mode 
(See Figure 3.1 1(20)). 


Receiving interrupt timing 


SCLK output mode 


Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after 
last SCLK (See Figure 3.11 (21)). 


SCLK input mode 


Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after 
SCLK (See Figure 3.11 (22)). 



3.11.3 Operational Description 

(1 ) Mode (I/O interface mode) 



This mode is used to increase the number of I/O pins for trans- 
mitting or receiving data to or from the external shifter register. 

This mode includes SCLK output mode to output syn- 
chronous clock SCLK and SCLK input mode to input external 
synchronous clock SCLK. 



Output 
extension 



TMP96C141 
TxD 
SCLK 
Port 



Shift register 


A 




B 


SI 


C 




D 


SCK 


E 




F 


RCK 


G 




H 



TC74HC595 or 
the like 



Input 
extension 



TMP96C141 
RxD 
SCLK 
Port 



Shift register 


A 






B 




QH 


C 






D 




CLOCK 


E 






F 




S/L 


G 






H 





TC74HC165 or 
the like 



Figure 3.11 (17). Example of SCLK Output Mode Connection 



Output port 
extension 




Shift register 


A 




B 


SI 


C 




D 


SCK 


E 




F 


RCK 


G 




H 



External clock- 



TC74HC595 or 
the like 



Input port 
extension 




External dock 



Shift register 


A 






B 




QH 


C 






D 




CLOCK 


E 






F 




S/L 


G 






H 




TC74HC165 or 
the like 





Figure 3.11 (18). Example of SCLK Input Mode Connection 
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® Transmission 

In SCLK output mode, 8-bit data and synchronous clock 
are output from TxD pin and SCLK pin, respectively, each 



time the CPU writes data in the transmission buffer. When 
all data is output, INTES1 <ITX1 C> will be set to generate 
INTTX1 interrupt. 



Timing to write fl 
transmission I t:^ 

data 

SCLK output 
TxD 



TXDSFT 



ITX1C (INTTX1_^ 
interrupt request) 



X 



Jl 



JL 



Jl 



Figure 3.11 (19) Transmitting Operation in I/O Interface Mode (SCLK Output Mode) 



In SCLK output mode, 8-bit data are output from TxD1 when all data are output, INTES1 <ITXIC> will be set 

pin when SCLK Input becomes active while data are to generate INTTX1 interrupt, 

written in the transmission buffer by CPU. 



SCLK input 

(SCLKC = 0: Rising edge mode) 




SCLK input 

(SCLKC = 1: Falling edge mode) 



TxD 
TxDSFT 



bito X biti ) ^ rbi75^ bite ^ Tbi^TT 



Jl fV— JL 



Jl 



ITX1C (INTTXI 

interrupt request) 



Figure 3.11 (20). Transmitting Operation in I/O Interface Mode (SCLK Input Mode) 
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(D Receiving 

In SCLK output mode, synchronous clock is output 
from SCLK pin and the data is shifted in the receiving 
buffer 1 whenever the receive interrupt flag INTES1 



<IRX1 C> is cleared by reading the received data. 
When 8-bit data are received, the data be trans- 
ferred in the receiving buffer 2 (SC1 BUF) at the timing 
shown below, and INTES1 <IF6<1C> will be set again 
to generate INTRX1 interrupt. 



IRX1C 



RxD 




bitO 



Timing to shift data in 
the receiving buf fer 2 



Generate ' 
INTRX1 



Figure 3.11 (21). Receiving Operation in I/O Interface Mode (SCLK Output Mode) 



In SCLK input mode, the data is shifted in the receiving 
buffer 1 when SCLK input becomes active, while the 
receive interrupt flag INTES1 <IRX1C> is cleared by read- 
ing the received data. When 8-bit data is received, the 



data will be shifted in the receiving buffer 2 (SC1 BUF) at 
the timing shown below, and INTES1 <IRX1 C> will be set 
again to generate INTRX interrupt. 



SCLK input 

(SCLKC = 0: Rising edge mode) 



SCLK input 
(SCLKC = 1 : Falling edge mode) 

RxD 

Timing to shift data 
in the receiving 

buffer 2 




Generate 
INTRX1 



in. 



Figure 3.11 (22). Receiving Operation in I/O Interface Mode (SCLK Input Mode) 



Note: For data receiving, the system must be placed in the receive enable state (SCMOD <RXE> = "1 ") 
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(2) Mode 1 (7-bit UART Mode) 

The 7-bit mode can be set by setting serial cliannel 
mode register SCOMOD <SM1 , 0> /SC1 MOD <SM1 , 
0> to "01". 

In this mode, a parity bit can be added, and the addi- 
tion of a parity bit can be enabled or disabled by serial 
channel control register SCOCR <PE> /SC1 CR <PE>, 



and even parity or odd parity is selected by SCOCR 
<EVEN> /SC1 CR <EVEN> when <PE> is set to "1 " 
(enable). 

Setting example: When transmitting data with the 
following format, the control 
registers should be set as described 
below. Channel is explained here. 




Direction of transmission (transmission rate: 2400 bps @ fc = 12.288MHz) 







7 


6 


5 


4 


3 


2 


1 







P9CR 


<- 


X 


X 












1 


) Select P90 as the TxD pin. 


P9FC 


<- 


X 


X 




X 




X 


X 


1 




SCOMOD 


<- 


X 







X 





1 





1 


Set 7-bit UART mode. 


SCOCR 


<- 


X 


1 


1 


X 


X 


X 








Add an even parity. 


BROCR 


f- 





X 


1 








1 





1 


Set transfer rate at 2400 bps. 


TRUN 


<r- 


1 


X 














Start ttie prescaler for the baud rate generator. 


INTESO 




1 


1 
















Enable INTTXO interrupt and sets interrupt level 4. 


SCOBUF 




* 










* 






Set data for transmission. 


Note: x; don't care 


-; no change 















(3) Mode 2 (8-bit UART Mode) 

The 8-bit UART mode can be specified by setting 
SCOMOD <SM1 , 0> / SC1 MOD <SM1 , 0> to "10". In 
this mode, parity bit can be added, the addition of a 
parity bit is enabled or disabled by SCOCR <PE> / 



SC1 CR <PE>, and even parity or odd parity is selected 
by SCOCR <EVEN>/SC1CR <EVEN> when <PE> is 
set to "1" (enable). 

Setting example: When receiving data with the 

following format, the control register 
should be set as described below. 




Direction of transmission (transmission rate: 9600 bps @ fc = 12.288MHz) 
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Main setting 

P9CR < 

SCOMOD i 

SCOCR i 

BROCR < 

TRUN < 

INTESO < 



Select P91 (RxD) as the input pin. 
1 Enable receiving in 8-bit UART mode. 

Add an odd parity. 

1 Set transfer rate at 9600 bps. 

Start ttie prescaler for ttie baud rate generator. 
Enable INTTXO interrupt and sets interrupt level 4. 



Interrupt processing 

Acc^ SCOCR and 00011100 \ check for error. 
If Acc;.iO then ERROR 

Acc ^ SCOBUF Read the received data. 

Note: x; don't care -; no change 



(4) Mode 3 (9-bit UART Mode) 

The 9-bit UART mode can be specified by setting 
SCOMOD <SM1 , 0> /SCI MOD <SM1 , 0> to "1 1 ". In 
this mode, parity bit cannot be added 
For transmission, the MSB (9th bit) is written in SCMOD 
<TB8>, while in receiving it is stored in SCCR <RB8>. 
For writing and reading the buffer, the MSB is read or 
written first, then SC0BUF/SC1 BUR 



Wake-up function 

In 9-bit UART mode, the wake-up function of slave 
controllers is enabled by setting SCOMOD <WU> / 
SC1M0D <WU> to "1". The interrupt INTRX1/INTRX0 
occurs only when <RB8> = 1 



1 




Note: TxD pin of the slave controllers must be In open drain output mode. 

Figure 3.11 (23). Serial Lini^ Using Wake-Up Function 
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Protcxiol (D The master controller transmits one-frame data 

including the 8-bit select code for the slave control- 
® Select the 9-bit UART mode for master and slave i^rs. The MSB (bit 8) <TB8> is set to "1 

controllers. 



(D Set SCOMOD <WU>/SC1 MOD <WU> bit of each 
slave controller to "1 " to enable data receiving. 




Select code of slave controller "1" 



® Each slave controller receives the above frame, and 
clears WU bit to "0" if the above select code matches 
its own select code. 



(D The master controller transmits data to the specified 
slave controller whose SCOMOD <WU>/SC1 MOD 
<WU> bit is cleared to "0." The MSB (bit 8) <TB8> is 
cleared to "0". 




Data "0" 



(D The other slave controllers (with the <WU> bit remain- 
ing at "1 ") ignore the receiving data because their 
MSBs (bit 8 or <RB8>) are set to "0" to disable the 
interrupt INTRX0/INTRX1. 



The slave controllers (WU = 0) can transmit data 
to the master controller, and it is possible to indicate 
the end of data receiving to the master controller by 
this transmission. 
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Example: To link two slave controllers serially 
with the master controller, and use 



the internal clock 01 (fc/2) as the 
transfer clock. 



Select code 
00000001 





































TxD RxD 
Master 




TxD RxD 
Slave 1 




TxD RxD 
Slave 2 



Select code 
00001010 



Since serial channels and 1 operate in exactly the 
same 



way, channel is used for the purposes of explanation. 



• Setting the master controller 
Main setting 

P9CR f- X X - 
P9FC <- X X 



INTESO 

SCOMOD 
SCOBUF 



) Select P90 as TxD pin and P91 as RxD pin. 



Enable INTTXO and sets the interrupt level 4. 

Enable INTRXO and sets the interrupt level 5. 

Set 01 (fc/2) as the transmission clock in 9-bit UART mode. 

Set the select code for slave controller 1 . 



INTTXO interrupt 
SCOMOD <- 
SCOBUF 



SetTBStoT. 

Set data for transmission. 



Setting the slave controller 2 



Main setting 
P9CR < 
P9FC < 
ODE < 
INTESO i 
SCOMOD < 



1) 



Select P91 as RxD pin and P90 as TxD pin (open drain output). 



Enable INTRXO and INTTXO. 

Set <WU> to "1 " in the 9-bit UART transmission mode with transfer 
clock 01 (fc/2). 



INTRXO interrupt 
Acc«- SCOBUF 
If Acc = Select Code 
Then SC0MOD4 



Clear <WU> to "0". 
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3.12 Analog/Digital Converter 

The TMP96C141 AF contains a high-speed analog/digital con- 
verter (A/D converter) with 4-channel analog input that features 
1 0-bit successive approximation. 



Figure 3.1 2 (1) shows the block diagram of the A/D con- 
verter. The 4-channel analog input pins (AN3 to ANO) are 
shared by input-only P5 and so can be used as input port. 



Internal bus 



4> 



- A/D converter mode register (ADMOD) 



EOCF ADBF REPET SCAN ADCS ADS 



Analog input 

AN3(P53) D-*- 
AN2(PS2) D-*- 
ANl (P51) CD— 
ANO(PSO) Q-*- 



Decoder 



Multiplexer 



end 



busy 



repeat 



Channel select 



speed 



A/D converter 
control circuit 



Vref □- 

AqnD □— 




JNTAD 
interrupt 



A/D conversion result register 
(ADREGOtoADREGS) 



D/A converter 



V 



Figure 3.12 (1). Block Diagram of A/D Converter 

Note: This A/D converter does not have a built-in sample and hold circuit. Therefore, when A/D converting high-frequency signals, connect a sannple and 
hold circuit externally. 
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ADMOD 
(005EH) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


EOCF 


ADBF 


REPET 


SCAN 


ADCS 


ADS 


ADCH1 


ADCHO 


Read/Write 


R 


R/W 


After reset 




















Function 


A/D 

conversion 
End Flag 

1:END 


A/D 

conversion 
BUSY Flag 

1: BUSY 


Repeat 
mode 

0: Single 
mode 

1 : Repeat 
mode 


Scan 
mode 

0: Fixed 
channel 
mode 

1 : Channel 
Scan 
mode 


A/D :a/d 

conversion \ conversion 
Speed • Start 

•1: 

0: High • conversion 

speed : Start 

mode 
1:low .-Always 

speed : read as 

mode : "0" 


Analog Input 
Channel Select 



Analog input channel select 





Normal 


Scan mode 


00 


AND 


ANO 


01 


AN1 


ANO^ANI 


10 


AN2 


AN0-*AN1-»AN2 


11 


AN3 


ANO-^AN 1 ->AN2-*AN3 



A/D conversion start 



Start A/D conversion. 



Note) Always "0" when data is read. 
A/D conversion speed selection 



AJD High speed conversion mode: 160 states = 20^s (@16MHz) 

1 A/D Low speed conversion mode : 320 states = 40//S {@1 6MHz) 



Specification of A/D scan mode 



Fixed A/D conversion channel mode 
A/D conversion channel scan mode 



Selecting A/D repeat mode 



A/D conversion single mode 
A/D conversion repeat mode 



A/D conversion busy flag 



A/D conversion not busy 
A/D conversion busy 



A/D conversion end flag 



A/D conversion not ended nor started 
A/D conversion ended 



Figure 3.12 (2). A/D Control Register 
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ADREGOL 
(0060H) 





7 


6 


5 4 


3 1 2 


1 





bit Symbol 


ADR01 


ADROO 










Read/Write 


R 


After reset 


Undefined j 1 1 1 


1 i 1 1 1 


1 


Function 


Lower 2 bits of A/D result for ANO are stored. 



ADREGOH 
(0061 H) 





7 


6 


5 1 4 


3 


2 


1 





bit Symbol 


ADR09 


ADR08 


ADR07 


ADR06 


ADR05 


ADR04 


ADR03 


ADR02 


Read/Write 


R 


After reset 


Undefined 


Function 


Upper 8 bits of A/D result for ANO are stored. 



ADREG1L 
(0062H) 





7 


6 


5 


4 


3 


2 1 





bit Symbol 


ADR11 


ADR10 












Read/Write 


R 


After reset 


Undefined j 1 | 1 


11111 


1 


Function 


Lower 2 bits of A/D result for AN1 are stored. 



ADREG1H 
(0063H) 





7 


6 5 


4 


■■- — !■■ 

3 1 2 1 1 





bit Symbol 


ADR19 


ADR18 ADR17 


ADR16 


ADR15 ADR14 ADR13 


ADR12 


Read/Write 


R 


After reset 


Undefined 


Function 


Upper 8 bits of A/D result for AN1 are stored. 



Figure 3.12 (3-1). A/D Conversion Result Register (ADREGO, 1) 
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ADREG2L 
(0064H) 





7 


6 


5 j 4 1 3 


2 


1 





bit Symbol 


ADR21 


ADR20 










Read/Write 


R 


After reset 


Undefined 


1 1 1 1 1 


1 1 1 1 1 


Function 


Lower 2 bits of A/D result for AN2 are stored. 



ADREG2H 
{0065H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


ADR29 


ADR28 


ADR27 


ADR26 


ADR25 


ADR24 


ADR23 


ADR22 


Read/Write 


R 


After reset 


Undefined 


Function 


Upper 8 bits of A/D result for AN2 are stored. 



ADREG3L 
(0066H) 





7 6 


5 4 


3 


2 1 





bit Symbol 


ADR31 ADR30 










Read/Write 


R 


After reset 


Undefined 


1 i 1 i 1 


1 1 1 i 1 


Function 


Lower 2 bits of A/D result for AN3 are stored. 





7 


6 


5 4 


3 


2 


1 





bit Symbol 


ADR39 


ADR38 


ADR37 ADR36 


ADR35 


ADR34 


ADR33 


ADR32 


Read/Write 


R 


After reset 


Undefined 


Function 


Upper 8 bits of A/D result for AN3 are stored. 



Figure 3.12 (3-2). A/D Conversion Result Register (ADREG2, 3) 
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3.12.1 Operation 

(1 ) Analog Reference Voltage 

High analog reference voltage is applied to the VREF 
pin, and low analog reference voltage is applied to 
AGND pin. 

The reference voltage between VREG and AGND is 
divided by 1024 using ladder resistance, and com- 
pared with the analog input voltage for A/D conversion. 

(2) Analog Input Channels 

Analog input channel is selected by ADMOD <ADCH1 , 
0>. However, which channel to select depends on the 
operation mode of the A/D converter. 
In fixed analog input mode, one channel is selected by 
ADMOD <ADCH1 , 0> among four pins: ANO to AN3. 
In analog input channel scan mode, the number of 
channels to be scanned from ANO is specified by 
ADMOD <ADCH1 , 0>, such as ANO -> AN1 , ANO 
AN1 -> AN2, and ANO AN1 -> AN2 AN3. 
When reset, A/D conversion channel register will be ini- 
tialized to ADMOD <ADGH1 , 0> = 00, so that ANO pin 
will be selected. 

The pins which are not used as analog input channel 
can be used as ordinary input port P5. 

(3) Starting A/D Conversion 

A/D conversion starts when /VD conversion register 
ADMOD <ADS> is written "1 ". When A/D conversion 
starts, A/D conversion busy flag ADMOD <ADBF> 
which indicates WD conversion is in progress" will be 
set to "1". 

(4) A/D Conversion Mode 

Both fixed /VD conversion channel mode and A/D 
conversion channel scan mode have two conversion 
modes, i.e., single and repeat conversion modes. 
In fixed channel repeat mode, conversion of specified 
one channel is executed repeatedly. 
In scan repeat mode, scanning from ANO, ••• AN3 is 
executed repeatedly. 

/VD conversion mode is selected by ADMOD <REPET, 
SCAN>. 



(5) A/D Conversion Speed Selection 

There are two /VD conversion speed modes: high 
speed mode and low speed mode. The selection is 
executed by ADMOD <ADCS> register. 
When reset, ADMOD <ADCS> will be initialized to "0," 
so that high speed conversion mode will be selected. 

(6) A/D Conversion End and Interrupt 

• /VD conversion single mode 

ADMOD <EOCF> for A/D conversion end will be 
set to "1 ADMOD <ADBF> flag will be reset to "0," 
and INTAD interrupt will be enabled when /VD conver- 
sion of specified channel ends in fixed conversion 
channel mode or when /VD conversion of the last 
channel ends in channel scan mode. 

• /VD conversion repeat mode 

For both fixed conversion channel mode and con- 
version channel scan mode, INTAD should be disabled 
when in repeat mode. Always set the INTEOAD at 
"000," that disables the interrupt request. 

Write "0" to ADMOD <REPET> to end the repeat 
mode. Then, the repeat mode will be exited as soon as 
the conversion in progress is completed. 

(7) Storing the /VD Conversion Result 

The results of /VD conversion are stored in ADREGO to 
ADREG3 registers for each channel. In repeat mode, 
the registers are updated whenever conversion ends. 
ADREGO to ADREG3 are read-only registers. 

(8) Reading the /VD Conversion Result 

The results of A/D conversion are stored in ADREGO to 
ADREG3 registers. When the contents of one of 
ADREGO to ADREG3 registers are read, ADMOD 
<EOCF> will be cleared to "0". 

Setting example: When the analog input voltage of the 
AN3 pin is /VD converted and the 
result is stored in the memory 
address FF10H by/VD interrupt 
INTAD routine. 
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Main setting 

INTEOAD <- 1 1 - - - - 
ADMOD X X 1 1 1 



Enable INTAD and sets interrupt level 4. 

Specify AN3 pin as an analog input ctiannel and starts A/D conversion in tiigh speed 
mode. 



INTAD routine 

~WA <- ADREG3 

WA > > 6 

JOOFFIOH) <- WA 
Wiien the analog input voltage of ANO ~ AN2 pins is A/D converted in high 
INTEOAD <- 1 - - - - - 
ADMOD <- X X 1 1 1 1 

Note: x; don't care -; no change 



Read ADREG3L and ADREG3H values and writes to WA (1 6 bit). 
Right-shifts WA six times and writes in upper bits. 
Writes contents of WA in memory at FF10H. 
conversion channel scan repeat mode. 
Disable INTAD. 

Start the A/D conversion of analog input channels ANO ~ AN2 in the high-speed 
scan repeat mode. 



3.13 Watchdog Timer (Runaway Detecting Timer) 

The TMP96C141 AF is coritaining watchdog timer of Runaway 
detecting. 

The watchdog tinner (WDT) is used to return the CPU to 
the normal state when it detects that the CPU has started to 
malfunction (runaway) due to causes such as noise. When the 



watchdog timer detects a malfunction, it generates a non- 
maskable interrupt to notify the CPU of the malfunction, and 
outputs externally from watchdog timer out pin WDTOUT to 
notify the peripheral devices of the malfunction. 

Connecting the watchdog timer output to the reset pin 
internally forces a reset. 
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3.13.1 Configuration 

Figure 3.1 3 (1 ) shows the block diagram of the watchdog timer (WDT). 



RESET 
INTWD 



WDMOD- 
<WDTP1,0>- 



WDTOUT 



-t>« □ WDTOUT 



^ (fc/2)- 



Selector 



Watchdog timer 
22-stage binary counter 



Reset. 
HALT- 



(Stopor Idle mode) 



4EH 
Write 



WDM0D<RESET> 



B1H 
Write 



Watchdog timer 
control register 



Internal bus 



Watchdog timer 
out control 



-Reset 
-WDMOD 
<WDTE> 



fc/4 Reset 



Figure 3.13 (1). Block Diagram of Watchdog Timer 
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The watchdog timer is a 22-stage binary counter which 
uses (f) (fc/2) as the input clock. There are four outputs from the 
binary counter: 2''^/fc, 2''^/fc, 220/fc, and Selecting one 
of the outputs with the WDMOD register generates a watch- 
dog interrupt, and outputs watchdog timer out when an over- 
flow occurs. 

Since the watchdog timer out pin (WDTOUT) outputs "0" 
due to a watchdog timer overflow, the peripheral devices can 



be reset. The watchdog timer out pin is set to 1 by clearing the 
watchdog timer (by writin g a clear c ode 4EH in the WDCR reg- 
ister). In other words, the WDTOUT keeps outputting "0" until 
the clear code is written. 

The watchdog timer out pin can also be connected to the 
reset pin in ternally. In this case, the watchdog timer out pin 
(WDTOUT) outputs at 8 to 20 states (800ns to 2ns @ 
20MHz) and resets itself. 



WDT Co u nte r _n 

WDT Interrupt | j 

Clear code of write 
WDT Clear „ 
(Software) 



WDTOUT 



Figure 3.13 (2). Normal Mode 



WDT Counter 
WDT Interrupt 



WDTOUT . 
(Internal Reset) 



Overflow 



Figure 3.13 (3). Reset Mode 
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3.13.2 Control Registers 

Watchdog timer WDT is controlled by two control registers 
WDMOD and WDCR. 

(1 ) Watchdog Timer Mode Register (WDMOD) 

® Setting the detecting time of watchdog timer 
<WDTP> 



To disable, it is necessary to clear this bit to "0" and 
write the disable code (B1 H) in the watchdog timer 
control register WDCR. This makes it difficult for the 
watchdog timer to be disabled by runaway. 
However, it is possible to return from the disable state 
to enable state by merely setting <WDTE> to "1 ". 

(D Watchdog timer out reset connection <RESCR> 



This 2-bit register is used to set the watchdog timer 
interrupt time for detecting the runaway. This register is 
initialized to WDMOD <WDTP1 , 0> = 00 when reset, 
and therefore 2''^/fc is set. (The number of states is 
approximately 32,768). 

(D Watchdog timer enable/disable control register 
<WDTE> 



When reset, WDMOD <WDTE> is initialized to "1" 
enable the watchdog timer. 



This register is used to conn ect the output of the 
watchdog timer with RESET terminal, internally. Since 
WDMOD <RESCR> is initialized to at reset, a reset 
by the watchdog timer will not be performed. 

(2) Watchdog Timer Control Register (WDCR) 

This register is used to disable and clear the binary 
counter of the watchdog timer function. 



Disable control 



WDMOD 
WDCR 



1 



X X Clear WDMOD <WDTE> to "0". 

1 Write the disable code (B1H). 



Enable control 

Set WDMOD <WDTE> to "1 
Watchdog timer clear control 

The binary counter can be cleared and resume 



counting by writing clear code (4EH) into the WDCR reg- 
ister. 



WDCR 



<- 1 1 1 1 



Write ttie clear code (4EH). 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



MCU900-147 



TMP96C141AF 



TLCS-900 16-bit Microcontroller 



WDMOD 
(005CH) 





7 


6 


5 


4 


3 


2 


i 1 





bit Symbol 


WDTE 


WDTP1 


WDTPO 


WARM 


HALTMO 


HALTMO 


i RESCR 


DRVE 


Read/Write 




After reset 

























Function 


WDT 
control 

1: Enable 


Select detecting time 

00: 216/fc 
01: 218/fc 
10: 220/fc 
1 1 : 222/fc 


Warming 
Uptime 

0: 214/fc 
1:2i6/fc 


Standby mode 

00: RUN mode 
01: STOP mode 
10: IDLE mode 
11: Don't care 


i 1: 

i Internally 
: connects 
:WDT out to 
1 the reset pin 


1: 

Drive the 
pin even in 
STOP mode 




1 II II 



^ DRVE (explanation by stop mode) 
— Watchdog timer out control 



1 Connects WDT out to a reset 



Select the standby mode HALT instruction 



00 


RUN mode (Only the CPU stops) 


01 


STOP mode (All circuits stop) 


10 


IDLE mode (Only the oscillator operates) 


11 


Don't care 


Select the detecting period of watchdog 
timer 





2i4/fc(approx. 1.0ms ®16MHz) 




1 


216/fc (approx. 4. 1 ms @1 6MHz) 




Select the detectina time of watchdoq timer 


00 


216/fc (approx. 4.1ms @16MHz) 




01 


2 18/fc (approx. 16m5<g16MHz) 




10 


220/fc (approx. 65ms @16MHz) 




11 


222/fc (approx. 262ms @16MHz) 




Watchdoq timer Enable / Disable control 





Disable 




1 


Enable 





Figure 3.13 (4). Watchdog Timer Mode Register 
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WDCR 
(005DH) 





7 


i 6 ; 5 1 


4 


1 3 1 2 j 1 





bit Symbol 




Read/Write 


W 


After reset 






B1H 


WDT disable code 








Function 


4EH 


WDT clear code 




















Disable/clear WDT 



B1H 


Disable code 


4EH 


Clear code 


Others 





Figure 3.13 (5). Watchdog Timer Control Register 
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3.13.3 Operation 

The watchdog timer generates interrupt INTWD after the 
detecting time set in the WDMOD <WDTP1 , 0> register and 
outputs a low level signal. The watchdog timer must be zero- 
cleared by software before an INTWD interrupt is generated. If 
the CPU malfunctions (runaway) due to causes such as noise, 
but does not execute the instruction used to clear the binary 
counter, the binary counter overflows and an INTWD interrupt 
is generated. The CPU detects malfunction (runaway) due to 
the INTWD Interrupt and it is possible to return to normal oper- 



ation by an anti-malfunction program. By connecting the 
watchdog timer out pin to peripheral devices' resets, a CPU 
malfunction can also be acknowledged to other devices. 

The watchdog timer restarts operation immediately after 
resetting is released. 

The watchdog timer stops its operation in the IDLE and 
STOP modes. In the RUN mode, the watchdog timer is 
enabled. 

However, the function can be disabled when entering the 
RUN mode. 



Example: ® Clear the binary counter 

WDCR <- 1 1 1 1 Write clear code (4EH). 

® Set the watchdog timer detecting time to 2''^/fc 
WDMOD 1 1 - - - X X 



Disable the watchdog timer 

WDMOD ^ ----- X X Clear WDTE to "0". 
WDCR <- 1 1 1 1 Write disable code (B1H). 



® Set IDLE mode 

WDMOD <- - - - 1 
WDCR <- 1 1 1 
Executes HALT command 



X X Disables WDT and sets IDLE mode. 
1 

Set the standby mode 



Set the STOP mode (warming up time: 2''^/fc) 

WDMOD <- - - - 1 1 X X Set the STOP mode. 

Executes HALT command Execute HALT instruction. Set the standby mode. 
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4. Electrical Characteristics 



4.1 Absolute Maximum (TMP96C141AF) 



Idfinhnl 
oyiiiuui 




Ratinn 
naiiiiy 


Unit 


Vcc 


Power Supply Voltage 


-0.5 - 6.5 


V 


V IIN 


Inni if \/nlfono 

iiipul vulidyc 


U.O ~ Vgg + U.J 


V 


ZIOL 


Output Current (total) 


100 


mA 


ZIOH 


Output Current (total) 


-100 


mA 


PD 


Power Dissipation (Ta = 70°C) 


600 


mW 


T SOLDER 


Soldering Temperature (10s) 


260 


°C 


TSTG 


Storage Temperature 


-65-150 


°C 


TOPR 


Operating Temperature 


-20-70 


°C 



4.2 DC Characteristics (TMP96C141AF) 

Vcc = 5V ± 10%, Ta = -20 - 70°C (Typical values are for Ta = 25°C and V^c = 5V) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


VIL 


Input Low Voltage (ADO-15) 


-0.3 


0.8 


V 




VIL1 


P2, P3. P4, P5, P6, P7. P8, P9 


-0.3 


0.3Vcc 


V 




VIL2 


RESET, NMI. INTO (P87) 


-0.3 


0.25Vcc 


V 




VIL3 


EA 


-0.3 


0.3 


V 




VIL4 


X1 


-0.3 


0.2Vcc 


V 




VIH 


Input High Voltage (ADO-15) 


2.2 


Vcc + 0.3 


V 




VIH1 


P2. P3. P4. P5. P6, P7. P8. P9 


0.7Vcc 


Vcc + 0.3 


V 




VIH2 


RESET NMI. INTO (P87) 


0.75Vcc 


Vcc + 0.3 


V 




VIH3 


EA 


Vcc -0.3 


Vcc + 0.3 


V 




VIH4 


XI 


0.8Vcc 


Vcc + 0.3 


V 




VOL 


Output Low Voltage 




0.45 


V 


IOL = 1.6mA 


VOH 


Output High Voltage 


2.4 




V 


IOH = -400|jA 


V0H1 




0.75Vcc 




V 


IOH = -100mA 


V0H2 




0.9Vcc 




V 


IOH= -20mA 


IDAR 


Darlington Drive Current 
(8 Output Pins max.) 


-1.0 


-3.5 


mA 


V EXT -1.5V 
REXT = 1.1Ki2 


ILI 


Input Leakage Current 


0.02 (Typ) 


+5 


mA 


0.0<Vin<Vcc 


ILO 


Output Leakage Current 


0.05 (Typ) 


±10 


mA 


0.2<Vin<Vcc-0.2 


' cc 


Operating Current (RUN) 
IDLE 

STOP(Ta = -20~70°C) 
STOP(Ta = 0~50°C) 


26 (Typ) 
1-7 (Typ) 
0.2 (Typ) 


10 
50 
10 


mA 
mA 

mA 
mA 


tosc = 16MHz 

0.2<Vin<Vcc-0.2 
0.2<Vin<Vcc-0.2 


VSTOP 


Power Down Voltage 
(@STOP, RAM Back up) 


2.0 


6.0 


V 


VIL2 = 0.2Vcc. 
VIH2 = 0.8Vcc 


RRST 


RESET Pull Up Register 


50 


150 


KQ 




CIO 


Pin Capacitance 




10 


PF 


tosc = 1MHz 


VTH 


Schmitt Width 


0.4 


1.0 (Typ) 


V 




RESET, NMI, INTO (P87) 




RK 


Pull Down/Up Register 


50 


150 


KQ 





Note: l-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics (TMP96C141AF) V^c = 5V±10%, Ta = -20 - 70°C (4MHz ~ 20MHz) 



No. 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


MIn 


Max 


MIn 


Max 


MIn 


Max 


1 


^osc 


Osc. Period (= x) 


50 


250 


62.5 




50 




ns 


2 


tCLK 


CLK width 


2X-40 




85 




60 




ns 


3 


tAK 


AO - 23 Valid->CLK Hold 


0.5X-20 




11 




5 




ns 


4 


tKA 


CLKValid^AO-23 Hold 


1.5X-70 




24 




5 




ns 


5 


tAL 


AO-15 Valid^ALEfall 


0.5X-15 




16 




10 




ns 


6 


tlA 


ALE fall-^AO- 15 Hold 


0.5X-15 




16 




10 




ns 


7 


ki 


ALE High width 


x-40 




23 




10 




ns 


8 


kc 


ALE fall-^RD/i/^ fall 


0.5X-30 




1 




-5 




ns 


9 




WfM rise^ALE rise 


0.5X-20 




11 




5 




ns 


10 


UCL 


A0-15Valid->RD/WRfall 


x-25 




38 




25 




ns 


11 


UCH 


AO - 23 Valid->RD/WR fall 


1.5X-50 




44 




25 




ns 


12 


tcA 


RD/WR rise-^AO - 23 Hold 


0.5X-20 




11 




5 




ns 


13 


Udl 


AO-15 Valid-^DO-15 input 




3.0X-45 




143 




105 


ns 


14 




AO - 23 Valid->DO - 15 input 




3.5X-65 




154 




110 


ns 


15 


^RD 


RDfall-^DO- 15 input 




2.0X-50 




75 




50 


ns 


16 


^RR 


RDLow width 


2.0X-40 




85 




60 




ns 


17 


^HR 


RD rise->DO- 15 Hold 

















ns 


18 


tfiAE 


RD rise->AO- 15 output 


x-15 




48 




35 




ns 


19 




WRLow width 


2.0X-40 




85 




60 




ns 


20 




D0-15Valid-^WRrise 


2.0X-50 




75 




50 




ns 


21 




WRrise^D0-15Hold 


0.5X-10 




21 




15 




ns 


22 




AO - 23 Valid->WATr input (1WAIT + n mode) 




3.5X-90 




129 




85 


ns 


23 




AO - 15 Valid->WAiT input (1WAIT + n mode) 




3.0X-80 




108 




70 


ns 


24 


few 


RD/Wfi fall->WAIT Hold (IWAIT + n mode) 


2.0X + 




125 




100 




ns 


25 




AO - 23 Valid-»PORT input 




2.5X-120 




80 




36 


ns 


26 


UpH2 


AO - 23 Valid->PORT Hold 


2.5X + 50 




206 




175 




ns 


27 


tp 


WRrise-> PORT Valid 




200 




200 




200 


ns 


28 


USRH 


AO - 23 Valid-^MS fall 


I.Ox-40 




23 




10 




ns 


29 


USRL 


AO - 15Valid->RASfall 


0.5X-15 




16 




10 




ns 


30 


^RAC 


RASfall->DO- 15 input 




2.5X-70 




130 




86 


ns 


31 


^RAH 


RASfall-^A0-15Hold 


0.5X-15 




16 




10 




ns 


32 


^RAS 


MS Low width 


2.0X-40 




85 




60 




ns 


33 


tfiP 


RASHigh width 


2.0X-40 




85 




60 




ns 


34 


^RSH 


r> A o {nil nAP ,1^^ 

GAS fall-»RAb rise 


I.Ox-35 




28 




15 




ns 


35 


tRSC 


RAS rise->CAS rise 


0.5X-25 




6 









ns 


36 


^RCD 


RASfall->CASfall 


I.Ox-40 




23 




10 




ns 


37 


tCAC 


CAS fall^DO- 15 input 




1.5X-65 




29 




10 


ns 


38 


^AS 


CAS Low width 


1.5X-30 




64 




40 




ns 



AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CLSOpF 

(However CL = lOOpF for ADO ~ AD15, ADO ~ AD23, ALE. RD. WR. HWR, R/W, CLK, RAS, CASO ~ CAS2) 

• Input Level: High 2.4V /Low0.45V (ADO ~ AD15) 

HighO.SVcc /Low 0.2Vcc (Except for ADO ~ AD15) 
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(1) Read Cycle 



XI 



CLK 



AO-23 



CS0~2 



R/W 



-tosc" 



WAIT 



Port Input 



RAS 



CAS0~2 



RD 



ADO- 15 



ALE 



^AK" 



"tASRH" 



■^AWH- 
"^AWL" 



3[ 



■^APH~" 
-tAPH2- 



^ASRL 



"tACH" 



■< 



*^RCD" 
tADH" 



X 



"^KA" 



-tcw 



A^~15 



^AL-r 



^LA-^ 



-tLL- 



4e 



— ^ 



"^RSH" 
-tRAS" 



-tRAC- 



-^CAC" 



■^CAST 



tRR- 



■^RD"" 

Udl" 



■2ir '■AUL 

.>-T -i. 



tRSC 



K 

r 



^tCA- 



^HR 



-iRp- 



tRAE" 
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(2) Write Cycle 



XI 



CLK 



AO-23 



CSO-2 



R/W 



WAIT 



Port Output 



RAS 



CASO-2 



WR, HWR 



ADO- 15 



ALE 



J \ 


i/ \ 


/ \ 


/ \ 


r 


Y 
A 




y 

A 














y 
A_ 

r 
/ 


























r 
/ 














u 
)i 


"A r 
\ I 
























\ 




-*- 


tCP 






/ 

/ 
























> 


- ■■ t\/\/\/v 

^DW ' 






> 






DO- 15 








\ 
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4.4 A/D Conversion Characteristics (TMP96C141AF) 

Vcc = 5V±10%TA=-20 - 70°C 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vref 


Analog reference voltage 


Vcc-1-5 


Vcc 


Vcc 


V 


Aqnd 


Analog reference voltage 


Vss 


Vss 


Vss 


Va.m 


Analog input voltage range 






Vcc 


Iref 


Analog current for analog reference voltage 




0.5 


1.5 


mA 


Error 
(Quantize error of 
iD.5 LSB not included) 


4<fc 

< 16MHz 


Low speed conversion mode 




±1.5(TBD) 


±4.0 


LSB 


Higti speed conversion mode 




d3.0(TBD) 


ifi.O 


16<fc 

< 20MHz 


Low speed conversion mode 




±1.5 (TBD) 


±4.0 


Higfi speed conversion mode 




±4.0 (TBD) 


m 



4.5 Serial Channel Timing - I/O Interface Mode 

Vcc = 5V±10% TA = -20 - 70°C 

(1) SCLK Input Mode 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


MIn 


Max 


Min 


Max 


Min 


Max 


tsCY 


SCLK cycle 


16x 




1 




0.8 




MS 


toss 


Output Data->rising edge of SCLK 


tscY/2-5x-50 




137 




100 




ns 


toHS 


SCLK rising edge-»output data tiold 


5X-100 




212 




150 




ns 


^HSR 


SCLK rising edge->input data hold 

















ns 


tSRD 


SCLK rising edge->effective data input 




tscY-5x-100 




587 




450 


ns 


(2) SCLK Output Mode 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


^SCY 


SCLK cycle (programmable) 


16x 


8192X 


1 


512 


0.8 


409.6 


MS 


toss 


Output Data->rising edge of SCLK 


tscY-2x-150 




725 




550 




ns 


toHS 


SCLK rising edge-^output data hold 


2X-80 




45 




20 




ns 


^HSR 


SCLK rising edge-^input data hold 

















ns 


tsRD 


SCLK rising edge->effective data input 




tscY-2x-150 




725 




550 


ns 



4.6 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7) 

Vcc = 6V+10%TA = -20 - 70°C 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tvCK 


Clock cycle 


8X + 100 




600 




500 




ns 


tyCKL 


Low level clock pulse width 


4X + 40 




290 




240 




ns 


WCKH 


High level clock pulse width 


4X + 40 




290 




240 




ns 
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4.7 Interrupt Operation 

V-c = 6V±10% Ta = -20 - 70°C 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


^INTAL 


NMI, INTO Low level pulse width 


4x 




250 




200 




ns 


tiNTAH 


NMI, INTO High level pulse width 


4x 




250 




200 




ns 


tiNTBL 


INT4 - INT7 Low level pulse width 


8X + 100 




600 




500 




ns 


tiNTBH 


INT4~INT7High level pulse width 


8X + 100 




600 




500 




ns 



MCU900-156 



TOeHIBA AlVIERICA EL.ECTROISIIC COMPONEIMT8, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C141AF 



4.8 Timing Chart for I/O Interface Mode 



CLK 



T I — I I — I r 



J — \ I — I \ — L 



tscY 



SCLK 



OUTPUT DATA 
TxD 



INPUT DATA 
RxD 




X VALID X X VALID X X VALID )< )( VALID ) C 
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4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 

(note) 



CLK 



BUSRQ 



BUSAK 



tBRC 



AD0-AD15, A0-A23, 
CS0- C$2, RAA/, RAS, 
CAS0-'CAS2 



RD, WR, HWR 



ALE 



tCBAL 



\ 



-*-tBRC 



-tCBAH 



yt^t..^^ ^ 



-«-tBAA 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


^BRC 


BUSRQ setup time for CLK 


120 




120 




120 




ns 


^CBAL 


CLK->BUSAK falling edge 




1.5X+120 




214 




195 


ns 




CLK->BUSAK rising edge 




0.5X + 40 




71 




65 


ns 


Uba 


Output buffer is off to BUSAK " "\_ 





80 





80 





80 


ns 


tRAA 


BUSAK J output buffer is on. 





80 





80 





80 


ns 



Note 1 : Tine Bus will be released after the WAIT request is inactive, when the BUSRQ is set to "0" during "Wait" cycle. 

Note 2: This line only shows the output buffer is off-states. They don't indicate the signal levels are fixed. After the bus is released, the signal level is kept 

dynannically before the bus is released by the external capacitance. Therefore, to fix the signal level by an external resistance under the bus is releasing, 
the design nnust be carefully because of the level-fix will be delayed. The internal programmable pull-up/pull-down resistance is switched active by the 
internal signal. 
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4.10 Interrupt Operation 

Vcc = 5V, Ta = -25°C, unless otherwise noted 




5 10 15 20 25 , , 5 10 15 20 

fosc{MHz) 

Figure 5.1 Vcc -fosc TYPICAL CURVE Figure 5.2 fosc-kc TYPICAL CURVE 



25 

fosc (MHz) 




Figure 5.3 Ice- Vcc TYPICAL CURVE ^"^^^ 



Vout(V) 




VouT (V) loH (mA) 

Figure 5.4 Vqut - lOL TYPICAL CURVE Figure 5.5 Vqut- iOH TYPICAL CURVE 
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5. Table of Special Function Registers 
(SFRs) 

(SFR; Special Function Register) 

The special function registers (SFRs) include the I/O ports 
and peripheral control registers allocated to the 1 28-byte 
addresses from OOOOOOH to 00007FH. 



(1) I/O port 

(2) I/O port control 

(3) Timer control 

(4) Pattern Generator control 

(5) Watch Dog Timer control 

(6) Serial Channel control 

(7) A/D converter control 

(8) Interrupt control 

(9) Chip Select/Wait Control 



Configuration of the table 



Symbol 


Name 


Address 


7 


6 




1 




















































■*-bit Symbol 
-^Read /Write 
-•-Initial value afrer reset 
-•-Remarks 
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Table 5 I/O Register Address Map 



Affflrocc 
HUlircao 


Nsmc 


Hull 1 coo 




niiuiBoo 


N3ni6 


Ari dross 

nuHi ooo 




OOOOOOH 


PO 


20H 


TRUN 


40H 


TREG6L 


cnu 

oUn 


AUntbUL 


1H 


P1 


21 H 




41H 


TDCPCU 

1 KbbDn 


C1 u 

bin 


AUnbbUn 


2H 


POCR 


22H 


TREGO 


42H 


TREG7L 


cou 


AUnbblL 


3H 




23H 


TREG1 


43H 




cou 
Don 


AUnbb in 


4H 


P1CR 


24H 


TMOD 


44H 


CAP3L 


C>IU 


AUnbb^L 


5H 


P1FC 


25H 


TFFCR 


45H 


CAP3H 


ecu 
Don 


AnDCPOU 

AUnbb<:n 


6H 


P2 


26H 


TREG2 


46H 


GAP4L 


ecu 
Don 


AUnbboL 


7H 


P3 


27H 


TREG3 


47H 


CAP4H 


67H 


AHDCPOU 

AUnbbon 


8H 


P2CR 


28H 


POMOD 


48H 


T5M0D 


68H 


BOGS 


9H 


P2FC 


29H 


P1M0D 


49H 


T5FFGR 


cnu 
o9n 


Dir»c 
DibO 


AH 


P3CR 


2AH 


DCCOD 

rrFUK 


4An 




CAM 

DAn 


bi^bo 


BH 


P3FC 


2BH 




4BH 




6BH 




CH 


P4 


2CH 




4CH 


PbOKcb 


6CH 




DH 


P5 


2DH 




4DH 


Pbl Rbb 


cnu 
bUn 




EH 


P4CR 


2EH 




4EH 


DOM PD 


ecu 
bbn 




FH 




2FH 




4FH 




ecu 
brn 




10H 


P4FC 


30H 


TREG4L 


50H 


bbUDUr 


7nu 
/Un 


INIbUAu 


11H 




31 H 


TREG4H 


51 H 


oOObn 


71 U 

/in 


IN 1 b4D 


12H 


P6 


32H 


TRE65L 


52H 


bbUlvlUU 


fen 


IMTCC7 

IIM 1 bb/ 


13H 


P7 


33H 


TREG5H 


53H 


DrlUtn 


70U 


INIbllU 


14H 


P6CR 


34H 


PAD1 1 

UArlL 


04n 


ob 1 bUr 




INIbr W lU 


15H 


P7CR 


35H 


CAP1H 


ecu 

oon 


oblbn 


7CU 

(On 


IN 1 b 1 04 


16H 


P6FC 


36H 




ecu 
Don 


obiMUU 


7CH 

ion 


iNlblfb 


17H 


P7FC 


37H 


CAP2H 


57H 


BR1CR 


77U 

( m 


IMTCCn 

IN 1 boU 


18H 


P8 


38H 


T4M0D 


58H 


ODE 


70 U 

ion 


IMTCC1 

IN 1 bo 1 


19H 


P9 


39H 


TFF4CR 


59H 




70U 

fyn 




1AH 


P8CR 


3AH 


T45CR 


5AH 




7AH 




1BH 


P9CR 


3BH 




5BH 




7BH 


IIMG 


1CH 


P8FC 


3CH 




5CH 


WDMOD 


7CH 


DMAOV 


1DH 


P9FC 


SDH 




5DH 


WDCR 


7DH 


DMA1V 


1EH 




3EH 




5EH 


ADMOD 


7EH 


DMA2V 


1FH 




3FH 




5FH 




7FH 


DMA3V 
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(1) I/O Port 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 











P07 


P06 


P05 


P04 


P03 


P02 


P01 


POO 


PO 


PORTO 


OOH 


R/W 


Input mode 








Undefined 








P17 


P16 


P15 


P14 


P13 


P12 


P11 


P10 


P1 


P0RT1 


01 H 


R/W 


Input mode 






































P27 


P26 


P25 


P24 


P23 


P22 


P21 


P20 


P2 


P0RT2 


06H 


R/W 


Input mode 






































P37 


P36 


P35 


P34 


P33 


P32 


P31 


P30 


P3 


PORTS 


07H 


R/W 


Input mode 


Output mode 








1 


1 


1 


1 


1 


1 


1 


1 


















P42 


P41 


P40 


P4 


P0RT4 


OCH 












R/W 












Input mode 





















1 


1 
















P53 


P52 


P51 


P50 


P5 


P0RT5 


ODH 










R 
















Input mode 








P67 


P66 


P65 


P64 


P63 


P62 


P61 


P60 


P6 


P0RT6 


12H 


R/W 


Input mode 








1 


1 


1 


1 


1 


1 


1 


1 
















P73 


P72 


P71 


P70 


P7 


P0RT7 


13H 










R/W 










Input mode 
















1 


1 


1 


1 








P87 


P86 


P85 


P84 


P83 


P82 


P81 


P80 


P8 


PORTS 


18H 


R/W 


Input mode 








1 


1 


1 


1 


1 


1 


1 


1 












P95 


P94 


P93 


P92 


P91 


P90 


P9 


P0RT9 


19H 






R/W 






Input mode 












1 


1 


1 


1 


1 


1 



Note: When P30 pin is defined as RD signal output mode (P30F = 1), clearing the output latch register P30 to "0" outputs the RD strobe from P30 pin for 
PSRAM, even when the internal address is accessed. If the output latch register P30 remains "1 the RD strobe is output only when the external 
address is accessed. 

ReadAA/rite RA/V ; Either read or write is possible 

R ; Only read is possible 

W ; Only write is possible 

Prohibit RWM ; Prohibit Read Modify Write. (Prohibit RES/SET/rSET/CHG/STCF/ANDCF/ORCF/XORCF Instruction) 
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(2) I/O Port Control (1/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





POCR 


PORTO 
Control 


02H 
(Prohibit 
RMW) 


P07C 


P06C 


P05C 


P04C 


P03C 


P02C 


P01C 


POOC 


W 


























: IN 1 : OUT (When external access, set as ADZ - and cleared to "0".) 


P1CR 


P0RT1 
Control 


04H 
(Protiibit 
RMW) 


P17C 


P16C 


P15C 


P14C 


P13C 


P12C 


P11C 


P10C 


W 























«Referto the "P1FC"» 


P1FC 


P0RT1 
Function 


05H 
(Protiibit 
RMW) 


P27F 


P26F 


P25F 


P24F 


P23F 


P22F 


P21F 


P20F 


W 


























P1FC/P1CR = 00:IN.01 :OUT.10:AD15-8,11 :A23-16 


P2CR 


P0RT2 
Control 


08H 
(Protiibit 
RMW) 


P27C 


P26C 


P25C 


P24C 


P23C 


P22C 


P21C 


P20C 


W 


























«Reterto the "P2FC"» 


P2FC 


P0RT2 
Function 


09H 
(Protiibit 
RMW) 


P27F 


P26F 


P25F 


P24F 


P23F 


P22F 


P21F 


P20F 


W 


























P2FC/ P2CR = 00 : IN. 01 : OUT. 10 : A7 - 0. 11 : A23 - 16 


P3CR 


P0RT3 
Control 


OAH 
(Protiibit 
RMW) 


P37C 


P36C 


P35C 


P34C 


P33C 


P32C 






W 




























: IN 1 : OUT 


P3FC 


PORTS 
Function 


OBH 
(Protiibit 
RMW) 


P37F 


P36F 


P35F 


P34F 




P32F 


P31F 


P30F 


W 

























: PORT 
1 : RAS 


: PORT 
1 :R/W 


: PORT 
1 : BUSAK 


: PORT 
1 : BUSRQ 




: PORT 
1:HWR 


: PORT 
1:WR 


: PORT 
1:RD 


P4CR 


P0RT4 
Control 


OEH 
(Protiibit 
RMW) 












P42C 


P41C 


P40C 












W 































0:IN1:OUT 


P4FC 


P0RT4 
Function 


10H 
(Prohibit 
RMW) 












P42F 


P41F 


P40F 












W 































0:PORT1:CS/Cy 





Note: Withthe TMP96C141AATMP96C1 41 AArMP96C041 A, whicti requires an external ROM. PORTO functions as ADO to AD7; P0RT1 , ADS to AD1 5; P30, 
the RD signal; P31 , the WR signal, regardless of the values set in POCR, P1CR, P1FC, P30F and P31F. 
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I/O Port Control (2/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





P6CR 


P0RT6 
Control 


14H 
(Protiibit 
RMW) 


P67C 


P66C 


P65C 


P64C 


P63C 


P62C 


P61C 


P60C 


W 


























: IN 1 : OUT 


P7CR 


P0RT7 
Control 


15H 
(Protiibit 
RMW) 










P73C 


P72C 


P71C 


P70C 










W 






























0:IN 1 :OUT 


P6FC 


P0RT6 
Function 


16H 
(Prohibit 
RMW) 


P67F 


P66F 


P65F 


P64F 


P63F 


P62F 


P61F 


P60F 


W 


























: PORT 1 :PG1- OUT 


: PORT 1:PG0- OUT 


P7FC 


P0RT7 
Function 


17H 
(Protiibit 
RMW) 










P73F 


P72F 


P71F 












W 































: PORT 
1 :T03 


0:PORT 
1:T02 


: PORT 
1 :T01 




P8CR 


PORTS 
Control 


1AH 
(Prohibit 
RMW) 


PS7C 


P86C 


PS5C 


PS4C 


P83C 


PS2C 


P81C 


P80C 


W 


























: IN 1 : OUT 


P9CR 


P0RT9 
Control 


1BH 
(Prohibit 
RMW) 






P95C 


P94C 


P93C 


P92C 


P91C 


P90C 






W 




























0:IN1:OUT 


P8FC 


PORTS 
Function 


1CH 
(Prohibit 
RMW) 




P86F 






P83F 


PS2F 








W 






W 


W 



























: PORT 
1:T06 






0:PORT 
1:T05 


: PORT 
1:T04 






P9FC 


P0RT9 
Function 


1DH 
(Prohibit 
RMW) 






P95F 




P93F 


P92F 




P90F 






W 




W 


W 




W 


























: PORT 
1 : SCLK1 




: PORT 
1:TxD1 


0:PORT 
1:SCLK0 




0:PORT 
1:TxD0 
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(3) Timer Control (1/4) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 











PRRUN 




T5RUN 


T4RUN 


P1RUN 


PORUN 


T1RUN 


TORUN 








R/W 




R/W 


TRUN 


Timer 
Control 


20H 

























Prescaler and Timer Run/Stop CONTROL 
: Stop and Clear 
1 : Run (Count up) 




8bit Timer 

ncyioicl U 


22H 




TREGO 


(Profiibit 
nivivvj 


W 




Undefined 




Sbit Timer 
Register 1 


23H 




TREG1 


(Prohibit 
RMW) 


W 




Undefined 








T10M1 


T10M0 


PWMM1 


PWMMO 


T1CLK1 


T1CLK0 


T0CLK1 


TOCLKO 




Sbit Timer 
Source CLK 


24H 
(Prohibit 


W 


TMOD 


























and MODE 


RMW) 


00 : 8-bit Timer 
01 : 16-bit Timer 
10: 8-bit PPG 
11: 8-bit PWM 


00: - 
01:2^- 
10:2^- 
11:28- 


1 PWM 

1 

1 


00:TO0TRG 
01: 0T1 
10: 0T16 
11:0T256 


00:TIO Input 
01 : 0T1 
10: 0T4 
11:0T16 














DBEN 


TFF1C1 


TFF1C0 


TFF1IE 


TFF1IS 














R/W 


W 


R/W 


IhrUn 


Sbit Timer 
Flip-flop 
Control 































1 : Double 
Buffer 
Enable 


00: Invert TFF1 
01 :SetTFF1 
10: Clear TFF1 
11 : Don't care 


1 :TFF1 
Invert 
Enable 


: Inverted 
by 

Timer 




PWM Timer 

Doniofar 

hegisier c 






TREG2 


26H 


(R)/W (Can read double buffer values.) 






Undefined 




PWM Timer 
Register 3 






TREG3 


27H 


(R)/W (Can read double buffer values.) 






Undefined 








FF2RD 


DB2EN 


PWMOINT 


PWMOM 


T2CLK1 


T2CLK0 


PWM0S1 


PWMOSO 








R 


W 


POMOD 


PWMO MODE 


28H 
(Prohibit 
RMW) 

























TFF2 output 
value 


1 : Double 
Buffer 
Enable 


: Overflow 
Interrupt 

1: Compare/ 
Match 
Interrupt 


0:PWM 
Mode 

1 : Timer 
Mode 


00: 0P1(fc/4) 
01: 0P4(fc/16) 
10 : 0P16(fc/64) 
11 : Don't care 


00:2^-1 
01:2^-1 
10:2^-1 
11 : Don't care 








FF3RD 


DB3EN 


PWM1INT 


PWM1M 


T3CLK1 


T3CLK0 


PWM1S1 


PWM1S0 








R 


W 


P1M0D 


PWMl MODE 


29H 
(Prohibit 
RMW) 

























TFF3 output 
value 


1 : Double 
Buffer 
Enable 


: Overflow 
Interrupt 

1 : Compare/ 
Match 
Interrupt 


0:PWM 
Mode 

1 : Timer 
Mode 


00:(/> P1(fc/4) 
01 : P4(fc/16) 
10 : 0P16(fc/64) 
11 : Don't care 


00:2^-1 
01:2^-1 
10:2^-1 
11:Don'tcare 
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Timer Control (2/4) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 











FF3C1 


FF3C0 


FF3TRG1 


FF3TRG0 


FF2C1 


FF2C0 


FF2TRG1 


FF2TRG0 








W 


R/W 


W 


R/W 




PWM 
Flip-flop 
Control 




























PFFCR 


2AH 


00 : Don't care 
01 :SetTFF3 
10: Clear TFF3 
11 : Don't care 


00: Prohibit TFF3 

Inverted 
01 : Invert if matched 
10: Set if matched; 

Clear if overflowed 
11 : Clear if matched; 

set if overflowed 


00 : Don't care 
01:SetTFF2 
10: Clear TFF2 
11 : Don't care 


00: Prohibit TFF2 

Inverted 
01 : Invert if matched 
10: Set if matched; 

Clear if overflowed 
11 : Clear if matched; 

set if overflowed 




16-bit Timer 
Register 4L 


30H 




TREG4L 


(Prohibit 

nMVVj 


W 




Undefined 




16-bit Timer 
Register 4H 


31H 




TREG4H 


(Protiibit 

nIVlWj 


W 




Undefined 




16-bit Timer 
Register 5L 


32H 


















TREG5L 


(Prohibit 

nMWj 


W 




Undefined 




16-bit Timer 
Register 5H 


33H 




TREG5H 


(Prohibit 

nMW) 


W 




Undefined 




Capture 
Register 1L 






CAP1L 


34H 


R 






Undefined 




Capture 
Register 1H 






CAP1H 


35H 


R 






Undefined 




Capture 
Register 2L 






CAP2L 


36H 


R 






Undefined 




Capture 
Register 2H 






CAP2H 


37H 


R 






Undefined 








CAP2T5 


EQ5T5 


CAP1IN 


CAP12M1 


CAP12M0 


CLE 


T4CLK1 


T4CLK0 








R/W 


W 


R/W 




T4M0D 


16-bit Timer 4 
Source 
CLKand 
MODE 


38H 


























TFF5 INVTRG 
0:TRG Disable 
1:TRG Enable 


: Soft- 
Capture 
1 : Don't care 


Capture Timing 
00 : Disable 
01:T14 t T15 t 
10:T14 t T14 i 
11:TFF1 t TFF1 i 


1 :UC4 
Clear 
Enable 


Source Clock 
00:TI4 
01 : 0T1 
10: ^T4 
11:0T16 
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Timer Control (3/4) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 











TFF5C1 


TFF5C0 


CAP2T4 


CAP1T4 


EQ5T4 


EQ4T4 


TFF4C1 


TFF4C0 




16bit Tirner 4 
Flip-flop 




W 


R/W 


W 


T4FFCR 


39H 


























Control 


00: Invert TFF5 
01:SetTFF5 
10: Clear TFF5 
11 : Don't care 


TFF4 Invert Trigger 
: Trigger Disable 
1 : Trigger Enable 


Source Clock 
00: Invert TFF4 
01:SetTFF4 
10: Clear TFF4 
11 : Don't care 
















PG1T 


PGOT 


DB6EN 


DB4EN 








R/W 








R/W 


T45CR 


T4, T5 Control 


3AH 























Fix at "0" 








PG1 shift 
trigger 
0: Timer 0,1 
1 : Timer 5 


PGO shift 
trigger 

0: Timer 0,1 
1 : Timer 4 


1 : Double 
Buffer 
Enable 




loDit limer 
Register 6L 


40H 


















TREG6L 


(Prohibit 


W 




RMW) 


Undefined 




iDuit iimer 
Register 6H 


41 H 


















TREG6H 


(Prohibit 


W 




RMW) 


Undefined 




1 obit Timer 
Register 7L 


42H 




TREG7L 


(Prohibit 


W 




RMW) 


Undefined 




lobit iimer 
Register 7H 


43H 




TREG7H 


(Prohibit 


W 




RMW) 


Undefined 




Capture 
Register 3L 




















CAP3L 


44H 


R 






Undefined 




Capture 
Register 3H 




















CAP3H 


45H 


R 






Undefined 




Capture 
Register 4L 




















CAP4L 


46H 


R 






Undefined 




Capture 
Register 4H 






GAP4H 


47H 


R 






Undefined 












CAP3IN 


CAP34M1 


CAP34M0 


CLE 


T5CLK1 


T5CLK0 








R/W 


W 


T5M0D 


16bitTimer5 
Source 
CLKand 
MODE 


48H 






























0: Soft- 
Capture 
1 : Don't care 


Capture Timing 
00 : Disable 
01:T16 T T17 T 
10:T16 T T16 i 
11:TFF1 T TFF1 i 


1:UC5 
Clear 
Enable 


Source Clock 
00: Invert TFF6 
01:SetTFF6 
10: Clear TFF6 
11 : Don't care 
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Timer Control (4/4) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 















CAP4T6 


CAP3T6 


EQ7T6 


EQ6T6 


TFF6C1 


TFF6C0 








R/W 


W 


T5FFCR 


16bitTimer5 
Flip-flop 
Control 


49H 




























TFF6 Invert Trigger 
: Trigger Disable 
1 : Trigger Enable 


00: Invert TFF6 
01 :SetTFF6 
10: Clear TFF6 
11 : Don't care 



(4) Pattern Generator 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





PGOREG 


PGO Register 


4CH 
(Prohibit 
RMW) 


PG03 


PG02 


PG01 


PGOO 


SA03 


SA02 


SA01 


SAOO 


W 


R/W 














Undefined 


PG1REG 


PG1 Register 


4DH 
(Prohibit 
RMW) 


PG13 


PG12 


PG11 


PG10 


SA13 


SA12 


SA11 


SA10 


W 


R/W 














Undefined 


PG01CR 


PGO, 1 Control 


4EH 
(Prohibit 
RMW) 


PAT1 


CCW1 


PG1M 


PG1TE 


PATO 


CCWO 


PGOM 


PGOTE 


R/W 


























0:8bitvi/rite 
1 : 4blt write 


: Normal 
Rotation 

1 : Reverse 
Rotation 


0:4bitStep 
1 :8bitStep 


PG1 trigger 
input 
enable 
1 : Enable 


0:8bit write 
1 : 4bit write 


: Normal 
Rotation 

1 : Reverse 
Rotation 


0:4bitStep 
1 :8bitStep 


PGO trigger 
input 
enable 
1 : Enable 


(5) Watch Dog Timer 


Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





WD- 
MOD 


Watch Dog 
Timer Mode 


5CH 


WDTE 


WDTP1 


WDTPO 


WARM 


HALTM1 


HALTMO 


RESCR 


DRVE 


R/W 


1 























1 : WDT 
Enable 


00:2^% 
01:2% 
10 : 2^% 
11:2% 


Warming up 
Time 
0:2% 
1 :2^% 


Standby Mode 
00: RUN Mode 
01: STOP Mode 
10: IDLE Mode 
11 : Don't care 


1 : Connect 
internally 
WDT out 
pin to 
Reset Pin 


1 : Drive 
the pin 
in STOP 
Mode 


WDCR 


Watch Dog 
Timer 
Control 

Register 


SDH 




W 




B1H : WDT Disable Code 4EH : WDT Clear Code 
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(6) Serial Channel (1/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





SCOBUF 


Serial 
Channel 
Buffer 


50H 


RB7 
TB7 


RB6 
TB6 


RB5 
TBS 


RB4 
TB4 


RB3 
TB3 


RB2 
TB2 


RBI 
TBI 


RBO 
TBO 


R (Receiving)/W (Transmission) 


Undefined 


SCOCR 


Serial 
Cfiannel 
Control 


51 H 


RB8 


EVEN 


PE 


OERR 


PERR 


PERR 






R 


R/W 


R (Cleared to by reading) 


R/W 


























Receiving 
data bit 8 


Parity 
O:0dd 
1 : Even 


1 : Parity 
Enable 


1 : Error 


0: SCLKO 
(J-) 

TO 


1: Input 
SCLKO pin 
(Note) 


Overrun 


Parity 


Framing 


SCO- 
MOD 


Serial 
Channel 
Mode 


52H 


TBS 


CTSE 


RXE 


WU 


SM1 


SMO 


SCI 


SCO 


R/W 























Transmission 
data bit 8 


1 :CTS 
Enable 


1 : Receive 
Enable 


1 : Wake up 
Enable 


00 : Unused 
01:UART7bit 
10:UART8bit 
11:UART9bit 


00: TOO Trigger 
01 : Baud rate generator 
10: Internal clock 01 
11 : Don't care 


BROCR 


Baud Rate 
Control 


53H 






BR0CK1 


BROCKO 


BR053 


BR052 


BR051 


BR050 


R/W 


R/W 

























Fix at "0" 




00 
01 
10 
11 


# (fc/4) 
0t2 (fc/16) 
0t8 (fc/64) 
(^32 (fc/256) 


Set frequency divisor 
0~F 
("1" prohibited) 


SC1BUF 


Serial 
Channel 1 
Buffer 


54H 


RB7 
TB7 


RB6 
TB6 


RB5 
TBS 


RB4 
TB4 


RB3 
TB3 


RB2 
TB2 


RBI 
TBI 


RBO 
TBO 


R (Receiving)/W (Transmission) 


Undefined 


SC1CR 


Serial 
Channel 1 
Control 


55H 


RB8 


EVEN 


PE 


OERR 


PERR 


FERR 


SCLKS 


IOC 


R 


R/W 


R (Cleared to by reading) 


R/W 

























Receiving 
data bits 


Parity 
O:0dd 
1 : Even 


1 : Parity 
Enabfe 


1 : Error 


0: SCLKl 
1- SCLKl 


1 : Input 
SCLKl pin 


Overrun 


Parity 


Framing 


SC1- 
MOD 


Serial 
Channel 1 
Mode 


56H 


TB8 




RXE 


WU 


SMI 


SMO 


SCI 


SCO 


R/W 


























Transmission 
data bit 8 


Fix at "0" 


1 : Receive 
Enable 


1 : Wake up 
Enable 


00 : I/O Interface 
01:UART7bit 

10 :UART 8-bit 

11 :UART9bit 


00: TOO Trigger 
01 : Baud rate generator 
10: Internal clock 01 
11 : Don't care 
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Serial Channel (2/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





BR1CR 


Baud Rate 
Control 


57H 






BR1CK1 


BR1CK0 


BR153 


BR152 


BR151 


BR150 


R/W 


R/W 






















Fix at "0" 




00 
01 
10 
11 


# (fc/4) 
0t2 (fc/16) 
^8 (fc/64) 
<^32(fc/256) 


Set frequency divisor 
0~F 
("1"profiibited) 


ODE 


Special 
Open Drain 
Enable 


58H 














0DE1 


ODEO 














R/W 
































1:P93 
Open-drain 


1:P90 
Open-drain 



(7) A/D Converter Control 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





AD- 
MOD 


A/D Converter 
Mode reg 


5EH 


EOCF 


ADBF 


REPET 


SCAN 


ADCS 


ADS 


ADCH1 


ADCHO 


R 


R/W 


























1 :End 


1 : 

Busy 


1 : Repeat 
mode 


1 : Scan 
mode 


1:Slow 
mode 


1: START 


Analog Input Channel Series 


*1) 

AD 
nhbUL 


AD Result 
Reg low 


60H 


ADR01 


ADROO 














R 


Undefined 


1 


1 


1 


1 


1 


1 


AD 

nLUUn 


AD Result 
Reg higti 


61 H 


ADR09 


ADR08 


ADR07 


ADR06 


ADR05 


ADR04 


ADR03 


ADR02 


R 


Undefined 


*1) 

AD 
REG1L 


AD Result 
Reg 1 low 


62H 


ADR11 


ADR10 














R 


Undefined 


1 


1 


1 


1 


1 


1 


AD 
REG1H 


AD Result 
Reg 1 high 


63H 


ADR19 


ADR18 


ADR17 


ADR16 


ADR15 


ADR14 


ADR13 


ADR12 


R 


Undefined 


*1) 

AD 
REG2L 


AD Result 
Reg 2 low 


64H 


ADR21 


ADR20 














R 


Undefined 


1 


1 


1 


1 


1 


1 


AD 
REG2H 


AD Result 
Reg 2 high 


65H 


ADR29 


ADR28 


ADR27 


ADR26 


ADR25 


ADR24 


ADR23 


ADR22 


R 


Undefined 


*1) 

AD 
REG3L 


AD Result 
Reg 3 low 


66H 


ADR31 


ADR30 














R 


Undefined 


1 


1 


1 


1 


1 


1 


AD 
REG3H 


AD Result 
Reg 3 high 


67H 


ADR39 


ADR38 


ADR37 


ADR36 


ADR35 


ADR34 


ADR33 


ADR32 


R 


Undefined 



*1 : Data to be stored in A/D Conversion Result Reg Low are the lower 2 bits of the conversion result. The contents of the lower 6 bits of this register are 
always read as "1". 
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(8) Interrupt Control (1/2) 



Symbol 


Name 


Address 


7 


1 6 1 5 


1 4 


3 


1 2 1 1 







INTerrupt 

Enable 

O&A/D 




INTAD 


INTO 


INTE- 


70H 


lADC 


: IADM2 ; lADMl 


: lADMO 


IOC 


I0M2 lOMl 


lOMO 


OAD 


(Prohibit 


R/W 


W 




R/W 


W 




RMW) 





: ; 
















INTerrupt 

Enable 

4/5 




INT5 


INT4 


INTE45 


71H 


ISC 


I5M2 I5M1 


I5M0 


I4C 


I4M2 I4M1 


i4M0 


(Prohibit 


RA/V 


W 




R/W 


W 




RMW) 





•: ; 
















INTerrupt 

Enable 

5/7 




INT7 


INT6 


INTE57 


72H 


I7C 


I7M2 I7M1 


I7M0 


I6C 


I6M2 I6M1 


I6M0 


(Prohibit 


R/W 


W 




R/W 


W 






RMW) 





: ; 
















INTerrupt 
Enable 
Timer 1/0 




INTT1 (Timer 1) 


INTTO (Timer 0) 


INTET10 


73H 


IT1C 


IT1M2 IT1M1 


'■ IT1M0 


ITOC 


IT0M2 : IT0M1 


ITOMO 


(Prohibit 


RW 


w 




R/W 


W 




RMW) 





: i 
















INTerrupt 
Enable 
PWm 1/0 




INTT3 (Timer 3/PWM1) 


INTT2 (Timer 2/PWMO) 


INTE- 


74H 


IPW1C 


; IPW1M2 i IPW1M1 


IPW1M0 


IPWOC 


IPW0M2 IPW0M1 : 


IPWOMO 


PW10 


(Prohibit 


mj 


w 




R/W 


W 






RMW) 





i i 








j i 







INTerrupt 
Enable 
Treg 5/4 




INTTR5 (TREG5) 


INTTR4 (TREG4) 


INTET54 


75H 


IT5C 


; IT5M2 : IT5M1 


IT5M0 


IT4C 


IT4M2 : IT4M1 


IT4M0 


(Prohibit 


R/W 


w 




R/W 


W 




RMW) 





: : 








; i 







INTerrupt 
Enable 
Treg 7/6 




INTTR7 (TREG7) 


INTTR6(TREG6) 


INTET76 


76H 


IT7C 


; IT7M2 : IT7M1 


IT7M0 


IT6C 


IT6M2 i IT6M1 


IT6M0 


(Prohibit 


RAA/ 


W 




RW 


W 




RMW) 





i ; 








; i 




INTerrupt 
Enable 
Serial 




INTTXO 


INTRXO 


INTESO 


77H 


ITXOC 


j ITX0M2 i ITX0M1 


ITXOMO 


IRXOC 


IRX0M2 ; IRX0M1 j 


IRXOMO 


(Prohibit 


R/W 


W 




RW 


W 




RMW) 





; : 








; : 







INTerrupt 
Enable 
Serial 1 




INTTX1 


INTRX1 


INTESl 


78H 


ITX1C 


: ITX1M2 i ITX1M1 


ITX1M0 


IRX1C : 


IRX1M2 ; IRX1M1 : 


IRX1M0 


(Prohibit 


R/W 


W 




R/W 


W 






RMW) 





! : 








; : 






lxxM2 


IxxMI 


IxxMO 


Function (Write) 











Prohibit interrupt request. 








1 


Set interrupt request level to " 1" . 





1 





Set interrupt request level to "2". 





1 


1 


Set interrupt request level to "3". 


1 








Set interrupt request level to "A". 


1 





1 


Set interrupt request level to "5*. 


1 


1 





Set interrupt request level to "6". 


1 


1 


1 


Prohibit interrupt request. 



IxxC 


Function (Read) 


Function (Write) 





Indicate no interrupt request. 


Clear interrupt request flag. 


1 


Indicate interrupt request. 


Don't care 
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IfYterrupt Control (2/2) 



Symbof 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





DIVIAOV 


DMAO 
request 
Vector 


7CH 
(Prohibit 
RMW} 








hDMAO start vector 








DMA0V8 


DMA0V7 


DMA0V6 


DAM0V5 DMA0V4 








W 























DMA1V 


DMAt 
request 
Vector 


7DH 
(Prohibit 
RMW) 








pDMAI start vector 








DMA01V8 


DMA1V7 


DMA1V6 


DAM1V5 


DMA1V4 








W 























DMA2V 


DMA 2 
request 
Vector 


7EH 
(Prohibit 
RMW) 








mDMA2 start vector 








DMA2V8 DMA2V7 


DMA2V6 


DAM2V5 


DMA2V4 








W 




















DMA3V 


DMA 3 
request 
Vector 


7FH 
(Prohibit 
RMW) 








pDMAS start vector 








DMA3V8 


DMA3V7 


DMA3V6 


DAM3V5 


DMA3V4 








W 























liMC 


Interrupt Input 
Mode Control 


7BH 
(Prohibit 
RMW) 












tOtE 


(OLE 


NMfREE 












W 


W 


W 































1 : INTO 
input 
enable 


O.INTO 
edge 
mode 

} : iNTO 
tevel 
mode 


1 : Operate 
even at 
NMI rise 
edge 
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(9) Chip Select/Wait Controller 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





BOCS 


Block 
CS/WAIT 
control 
register 


68H 
(Protiibit 
BMW) 


BOB 


BOSYS 


BOCAS 


BOBUS 


B0W1 


BOWO 


B0C1 


BOCO 


W 


W 


W 


W 


W 


W 


W 


W 


























1 :CS 
Enable 


1 : SYSTEM 
only 


0: CSO 
1 : CASO 


0: 16bit Bus 
1 : Bbit Bus 


00 
01 
10 
11 


2WAIT 
1WAIT 
IWAIT + n 
OWAIT 


00 
01 
10 
11 


7F00H~7FFFH 
400000H ~ 
800000H ~ 
COOOOOH ~ 


B1CS 


Block 1 
CS/WAIT 
control 
register 


69H 
(Protiibit 
BMW) 


B1E 


B1SYS 


B1CAS 


B1BUS 


B1W1 


B1W0 


B1C1 


B1C0 


W 


W 


W 


W 


W 


W 


W 


W 


























1 :CS 
Enable 


1 : SYSTEM 
only 


0:CST 
1 : CAS1 


0: 16bit Bus 
1 : 8bit Bus 


00 
01 
10 
11 


2WAIT 
1WAIT 
IWAIT + n 
OWAIT 


00:480H~7FFFH 
01 : 400000H ~ 
10 : 800000H- 
11: COOOOOH - 


B2CS 


Block 2 
CS/WAIT 
control 
register 


6AH 
(Protiibit 
BMW) 


B2E 


B2SYS 


B2CAS 


B2BUS 


B2W1 


B2W0 


B2C1 


B2C0 


W 


W 


\A/ 
W 


W 


W 


W 


W 


W 


























1 :CS 
Enable 


1 : SYSTEM 
only 


0:CS2 
1 : CAS2 


0:16bit Bus 
1 : Bbit Bus 


00 
01 
10 
11 


2WAIT 
1WAIT 
IWAIT + n 
OWAIT 


00 : 8000H ~ 
01 :400000H~ 
10:800000H~ 
11 :COOOOOH~ 



Note 1 : After reset, only "Block 2" is set to enable. 

-4 After reset, the program starts in 16-bit data bus, 2-wait state. 

Note 3: TMP96C141 A for internal RAM less is 80H ~ 7FFFH. 
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6. Port Section Equivalent Circuit Diagram 

• Reading The Circuit Diagram 

Basically, the gate singles written are the sanne as 
those used for the standard CMOS logic IC [74HCXX] 
series. 

The dedicated signal is described below. 



STOP: This signal becomes active "1" when the hold mode 
setting register is set to the STOP mode and the CPU 
executes the HALT instruction. When the drive enable 
bit [DRIVE] is set to "1 however, STP remains at "0". 

• The input protection resistor ranges from several tens of 
ohms to several hundreds of ohms. 



PO (ADO ~ AD7). P1 (ADS ~ 1 5, A8 ~ 1 5), P2 (A2 - 23, AO ~7) 



Output Data 



Output Enable -H V— 
STOP — ^ 

Input Data 




VCC 
Zp-ch 



Input Enable 




-O I/O 



4>o-|t- N-ch ' Programmable 
^ 1 Pull Down 

! Resistance 
— ' (only PORT2) 



P30 (RD), P31 (WR) 



Output Data 



STOP -Oo-I 




VCC 

I 



-U OUT 



• P32 ~ 37, P40 ~ 41 , P6, P7, P80 ~ 86, P91 ~ 92, P94 ~ 95 



Output Data 



^ Programmable 




Input Data 



Input Enable 
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P42 (CS2, CAS2) 



Output Data 



Output Enable __( — \_ 

STOP 

Input Data 





Input Enable 



4>Hlr 



-Q I/O 



Programmable 
Pull Down 
Resistance 



P5 (ANO ~ 3) 



P87 (INTO) 



Analog input - 
channel select 



Analog input 



Input Data 



-t>o 2. 




Input Enable 



-Q Input 



Output Data 



Output Enable 
STOP 



Input Data 



VCC 



O— IE- 

1 




9VCC| 



^ Programmable 
"■ Pull Up 
Resistance 



O I/O 



P90 (TKDO), P93 (TXD1) 



Output Data 




Input Enable 



Programmable 
Pull Up 
I Resistance 



Oi/o 
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NMI 



Input 



Schmitt 



WDTOUT 



EA, AM8/16 



ALE 



• RESET 



WDTOUT 



-4>o D:- 



-O OUT 



CLK 



STOP 
internal reset 



vcc vcc 



-Q OUT 



^ 0<}y VW- 



"O Input 



internal ALE - 



VCC 
-\t P-ch 



-O OUT 



][*- N-ch 



lookn vcc 



WDTOUT - 
reset enable ■ 



-o<^-V\Ar-i □ Input 
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X1,X2 



STOP 



I P-ch J N-ch 



-vw- 



-□X2 



-□XI 



VREF, AGND 



Ladder 
Resistance 



A/D Converter 
GND 



-□ ^^^^ 
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7. Care Points and Restriction 

(1 ) special Expression 

® Explanation of a built-in I/O register: Register 

Symbol <Bit Symbol> 

ex) TRUN <TRUN> • Bit TORUN of Register TRUN 
(D Read, Modify and Write Instruction 

An instruction which CPU executes following by one 
instruction. 

1 . CPU reads data of the mennory. 

2. CPU modifies the data. 

3. CPU writes the data to the same memory. 

ex1) SET 3, (TRUN) • set bit3 of TRUN 
ex2) INC1 , (1 OOH) increment the data of 1 0OH 

• The representative Read, Modify and Write 

Instruction in the TLCS-900 
SET imm, mem, RES imm, mem 
CHG imm, mem, TSET imm, mem 
INC imm, mem, DEC imm, mem 
RLD A, mem, ADD imm, reg 

(D 1 state 

One cycle clock divided by 2 oscillation frequency is 
called 1 state 

ex) The case of oscillation frequency is 20MHz. 

(2) Care Points 
® EA, pin 

Fix these pins VCC or GND unless changing voltage. 
(2) Warming-up Counter 

The warming-up counter operates when the STOP 



mode, is released even the system which is used an 
external oscillator. As a result, it takes warming up time 
from inputting the releasing request to outputting the 
system clock. 

(D High Speed )liDMA (DRAM) refresh mode) 



When the bus is released (BUSAK = "0") for waiting to 
accept the interrupt, DRAM refresh is not performed 
because of the high speed |liDMA is generated by an 
interrupt. 

i) Programmable Pull Up/Down Resistance 

The programmable pull up/down resistors can be 
selected ON/OFF by program when they are used as 
the input ports. The case of they are used as the out- 
put ports, they cannot be selected ON/OFF by pro- 
gram. 

(D Bus Releasing Function 

Refer to the "Note about the Bus Release" in 3.5 Func- 
tions of Ports because the pin state when the bus is 
released is written. 

(D Watch Dog Timer 

When the bus is released, both internal memory and 
internal I/O cannot be accessed. But internal I/O 
cantinues to operate. So, the watch dog timer contin- 
ues to run. Therefore, be carefull about the bus releas- 
ing time and set the detection timer of watch dog 
timer. 

® Watch Dog Timer 

The watch dog timer starts operation immediately after 
the reset is released. When the watch dog timer is not 
used, set watch dog timer to disable. 

® CPU (High Speed^iDMA) 

Only the "LDC cr, r", "LDC r, cr" instruction can be 
used to access the control register like transfer source 
address register (DMASn) in the CPU. 



MCU900-178 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TOSHIBA 



TMP96C041AF 



CMOS 16-bit Microcontrollers 
TMP96C041AF 



1 . Outline and Device Characteristics 

The TMP96C041 AF are high-speed advanced 16-bit micro- 
controllers developed for controlling medium to large-scale 
equipment. The TMP96C041 AF has the improved bus release 
function, serial interface and RAMIessforTMP96C141AR 0th- 
enA/ise, the devices function in the same way. 

The TMP96C041 AF is housed in an 80-pin flat package 
and is pin compatible with TMP96C141 F except the P92 
(CTSO/SCLKO). Device characteristics are as follows: 

(1) Original 16-bit CPU 

• TLGS-90 instruction mnemonic upward compatible. 

• 1 6M-byte linear address space 

• General-purpose registers and register bank system 

• 1 6-bit multiplication/division and bit transfer/arithmetic 
instructions 

• High-speed micro DMA 

- 4 channels (1 .6|is/2 bytes @ 20MHz) 

(2) Minimum instruction execution time 

- 200ns @ 20MHz 

(3) Internal RAM: None 
Internal ROM: None 



(4) External memory expansion 

• Can be expanded up to 1 6M bytes (for both programs and 
data). 

• Can mix 8- and 1 6-bit external data buses. 

(5) 8-bit timers: 2 channels 

(6) 8-bit PWM timers: 2 channels 

(7) 1 6-bit timers: 2 channels 

(8) Pattern generators: 4 bits, 2 channels 

(9) Serial interface: 2 channels 

(10) 10-bit A/D converter: 4 channels 

(11) Watchdog timer 

(1 2) Chip select/wait controller: 3 blocks 

(13) Interrupt functions 

• 3 CPU interrupts SWI instruction, privileged violation, 

and Illegal instruction 

• 14 internal interrupts —1-7 , . • u * 

7-level priority can be set. 

• 6 external interrupts —J 

(14) I/O ports 
- 47pins 

(15) Standby function : 3 halt modes (RUN, IDLE, STOP) 
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(ANO) P50 - 
(AN1)P51 - 
(AN2) P52 - 
(AN3) P53 - 
VREF- 
AGND- 



(TXDO) P90 ■ 
(RXDO) P91 ' 
(SCLKO/CTSO) P92 ' 

(TXD1)P93- 
(RXD1)P94" 
(SCLK1) P95- 



(PG 00) P60 ' 
(PG01)P61 - 
(PG 02) P62 - 
(PG 03) P63 - 
(PG 10) P64- 
(PG 11)P65 - 
(PG 12)P66 - 
(PG 13)P67 - 



(T01)P7N 

(T02) P72- 
(T03) P73- 



(INT4/TI4) P80- 
(INT5/TI5) P81- 
(T04) P82 - 
(T05) P83- 

(INT6/TI6) P84- 
(INT7/TI7) P85- 
(T06) P86- 

(INT0)P87- 



10-BIT 4CH 

A/D 
CONVERTER 



SERIAL I/O 
(CH.O) 



SERIAL I/O 
(CH.1) 



PATTERN 
GENERATOR 
(CH.O) 



PATTERN 
GENERATOR 
(CH.1) 



8BIT TIMER 
(TIMER 0) 



8BIT TIMER 
(TIMER 1) 



8BITPWM 
(TIMER 2) 



8BIT PWM 
(TIMER 3) 



16BIT TIMER 
(TIMER 4) 



16BtT TIMER 
(TIMERS) 



XWA 




W 




XBC 




B 




XDE 




D 




XHL 




H 




XIX 




IX 


XIY 




lY 


XIZ 




\l 


XSP 




SP 



32 bit — » 

srHTTI 

I P C I 



INTERRUPT 
CONTROLLER 



WATCH-DOG 
TIMER 



CS/WAIT 
CONTROLLER 
(3-BLOCK) 



-vccm 

- VSS [3] 



- EA 
■ RESET 
•ALE 



-P00-P07 
(AD0~AD7) 



-P10-P17 
(AD8~AD1S/A8~A15) 



-P20~P27 
(A0~A7/A16~A23) 



►P30{RD) 

►P31(WR)^ 

>P32( HWR) 

►P33( WAIT) 

►P34(B DSR^ ) 

►P35(BUSAK) 

►P36(RyW) 

-P37(RAS) 



►P40(CS0/CAS0) 
►P41(CS1/CAS1) 
►P42(CS2/CAS2) 



Figure 1. TMP96C041AF Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 

The assignment of input/output pins for TMP96C041 AF, their Figure 2.1 shows pin assignment of TMP96C041 AF. 
name and outline functions are described below. 



(AN0)P50 
(AN1)P51 
(AN2)P52 
(AN3)P53 
VCC 
VREF 
AGND 
VSS 

(PG00)P6O 
(PG01)P61 
(PG02)P52 
(PG03)P63 
(PG10)P64 
(PG11)P65 
(PG12)P66 
(PG13)P67 
{TI0)P70 
(T01)P71 
(T02)P72 
(T03)P73 
(INT4/TI4)P80 
(INT5/TI5)P81 
(T04)P82 
(T05)P83 
(INT6^I6)P84 
(INT7/TI7)P85 
(T06)P86 
(INT0)P87 
NMT 



1- C 

2- C 

8- C 

9- c: 
12-c 

u-c 

15-C 

i7h: 

18-C 

20-c 

22- c 

23- i: 

24- C 



n nrhnninnrninrnnrnnrn 



Top View 
QFP80 



3-64 
D-63 
y-62 
>61 
>-60 
1-59 
>-58 
>57 
3-56 
3-55 
3-54 
>53 
>52 
D-51 
>-50 
3-49 
>48 
D-47 
>-46 
>45 
3-44 
D-43 
>42 
>-41 



VSS 
XI 
X2 
EA 

(TXD0)P90 
(RXD0)P91 
(SCLK0/CTS0)P92 
(TXD1)P93 



P42(CS2/CAS2) 

P41( CS1/CAS1 ) 

P40(CSO/CASO) 

P37{RAS) 

P36(R/W]L_ 

P35( BUSAK) 

P34{ BUSRQ ) 

P33(WAIT) 

P32(HWR) 

P31(WR) 

P30(RD) 

P27(A7/A23) 

P26(A6/A22) 

P25(A5/A21) 

P24(A4/A20) 

P23(A3/A19) 

P22(A2/A18) 

P21(A1/A17) 

P20(A0/A16) 

VSS 

P17(AD1S/A15) 

P16(AD14/A14) 

P15(AD13/A13) 

P14(AD12/A12) 

P13(AD11/A11) 

P12(AD10/A10) 

P11(AD9/A9) 

P10(AD8/A8) 

P07(AD7) 

P06(AD6) 

P05(AD5) 

P04(AD4) 

P03{AD3) 

P02(AD2) 

POI(ADl) 

PO0{AD0) 

VCC 

ALE 

P95(SCLK1) 
P94(RXD1) 



Note : Because the TMP96C041AF has an external ROM, POO to PI 7 pins are fixed to 
ADO to AD15; P30 to KD; and P31 to WR. 



Figure 2.1. Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions 

The names of input/output pins and their functions are described iDelow. 



Table 2.2. Pin Names and Functions 



Pin Name 


Number 
of Pins 


I/O 


Functions 


POO ~ P07 
ADO- ADZ 


8 


I/O 
Tri-state 


Pnrt fl" l/n nnrt that ;ilinw^ l/D tn hp Qplprtprl nn a hit h3<;k 

Address / data (lower): - 7 for address / data bus 


P10~ P17 

AD8~AD15 

A8~A15 


8 


Tri-state 
Output 


Pfirf 1 • l/n nnrt that flIlnwQ l/n tn hp ^plprtprl nn a hit ha<;i<? 

Address data (upper): 8 - 15 for address / data bus 
Address: 8 to 15 for address bus 


P20~P27 

A0~A7 

A16~A23 


8 


I/O 
Output 
Output 


Port 2: I/O port that allows selection of I/O on a bit basis (witfi pull-down resistor) 
Address: - 7 for address bus 
Address: 16-23 for address bus 


P30 
RD 


1 


Output 
Output 


Port 30: Output port 

Read: Strobe signal for reading external memory 


P31 
WR 




Output 
Output 


Port 31: Output port 

Write: Strobe signal for writing data on pins ADO -7 


P32 

hWr 




I/O 
Output 


Pnrt "^P" l/n nnrt /with niili-iin rp<jl^tnr^ 

1 UI I OC, l/yj |JUI I yWllll |JUII Up luOiOlUI J 

High write: Strobe signal for writing data on pins AD8 - 15 


P33 
WAiT 




I/O 
input 


Port l/n nnrt fwith niill-un rft<5i<?tor^ 
Wait: Pin used to request CPU bus wait 


P34 
BUSRQ 




I/O 
Input 


Port 34: I/O port (with pull-up resistor) 

Bus request: Signal used to request high impedance for ADO - 15, AO - 23, RD, WR, FiWR, R/W, RAS, CSO, 
CS1, and CS2 pins. (For external DMAC) 


P35 
BUSAK 




I/O 
Output 


Port 35: I/O (with pull-up resistor) 

Bus acknowledge: Signal indicating that ADO - 15, AO - 23, RD, WR, RWR, R/W. RAS, CSO. CST, and CS2 
pins are at high impedance after receiving BUSRQ. (For external DMAC) 


P36 
R/W 




I/O 
Output 


Port 36: I/O port (with pull-up resistor) 

Read/write: 1 represents read or dummy cycle; 0, write cycle. 


P37 
RAS 




I/O 
Output 


Port 37: I/O port (with pull-up resistor) 

Row address strobe: Outputs RAS strobe for DRAM. 


P40 
CSO 
CASO 




I/O 
Output 
Output 


Port 40: I/O port (with pull-up resistor) 

Chip select 0: Outputs when address is within specified address area. 

Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 



Note: Withi thie external DMA controll er, ttiis d evic e's built-i n memory or built-in I/O 
cannot be accessed using the BUSRQ and BUSAK pins. 
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Pin Name 


Number 
of Pins 


I/O 


Functions 


P41 
CS1 
CAS1 


1 


I/O 
Output 
Output 


Port 41 : I/O port (with pull-up resistor) 

Chip select 1: Outputs if address is within specified address area. 

Column address strobe 1 : Outputs CAS strobe for DRAM if address is within specified address area. 


P42 
CS2 
CAS2 


1 


I/O 
Output 
Output 


Port 42: I/O port (with pull-up resistor) 

Chip select 2: Outputs if address is within specified address area. 

Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 


P50~P53 
AN0~AN3 


4 


Input 
Input 


Port 5: Input port 

Analog input: Input to A/D converter 


VREF 


1 


Input 


Pin for reference voltage input to A/D converter 


AGND 


1 


Input 


Ground pin for A/D converter 


P60 ~ P63 
PG00~PG03 


4 


I/O 
Output 


Ports 60 - 63: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 
Pattern generator ports: 00 - 03 


P64 ~ P67 
PG10~PG13 


4 


I/O 
Output 


Ports 64 - 67: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 
Pattern generator ports: 10-13 


P70 
T10 


1 


I/O 
Input 


Port 70: I/O port (with pull-up resistor) 
Timer input 0: Timer input 


P71 
T01 


1 


I/O 
Output 


Port 71 : I/O port (with pull-up resistor) 
Timer output 1 : Timer or 1 output 


P72 
T02 


1 


I/O 
Output 


Port 72: I/O port (with pull-up resistor) 
rWM output i: o-uit rWM timer i output 


P73 
T03 


1 


I/O 
Output 


Port 73: I/O port (with pull-up resistor) 
PWM output 3: 8-bit PWM timer 3 output 


P80 
TI4 
INT4 


1 


I/O 
Input 
Input 


Port 80: I/O port (with pull-up resistor) 

Timer input 4: Timer 4 count/capture trigger signal input 

Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge 


P81 

ilD 

INT5 


1 


I/O 
Input 
Input 


Port 81 : I/O port (with pull-up resistor) 

Timer input 5: Timer 4 count/capture trigger signal input 

Interrupt request pin 5: Interrupt request pin with rising edge 


P82 
T04 


1 


I/O 
Output 


Port 82: I/O port (with pull-up resistor) 
Timer output 4: Timer 4 output pin 


P83 
T05 


1 


I/O 
Output 


Port 83: I/O port (with pull-up resistor) 
Timer output 5: Timer 4 output pin 



Note 1 : Case of the settable CS2 and CAS2; when TMP96C041 AF Is bus release, this pin is not added the internal pull-down resistor but is added the internal 
pull-up resistor. 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



MCU900-183 



TMP96C041AF 



TLCS-900 16-bit Microcontroller 



Pin Name 


Number 
of Pins 


I/O 


Functions 


P84 
TI6 
INT6 




I/O 
Input 
Input 


Port 84: I/O port (with pull-up resistor) 

Timer input 6: Timer 5 count/capture trigger signal input 

Interrupt request pin 6: Interrupt request pin witti programmable rising/falling edge 


P85 
TI7 
INT7 




I/O 
Input 
Input 


Port 85: I/O port (with pull-up resistor) 

Timer input 7: Timer 5 count/capture trigger signal input 

Interrupt request pin 7: Interrupt request pin with rising edge 


P86 
T06 




I/O 
Output 


Port 86: I/O port (with pull-up resistor) 
Timer output 6: Timer 5 output pin 


P87 
INTO 




I/O 
Input 


Port 87: I/O port (with pull-up resistor) 

Interrupt request pin 0: Interrupt request pin with programmable level/rising edge 


P90 
TXDO 




I/O 
Output 


Port 90: I/O port (with pull-up resistor) 
Serial send data 


P91 
RXDO 




I/O 
Input 


Port 91 : I/O port (with pull-up resistor) 
Serial receive data 


P92 

CTSO 

SCLKO 




I/O 
Input 


Port 92: I/O port (with pull-up resistor) 
Serial data send enable (Clear to Send) 
Serial clock 1/00 


P93 
TYni 


1 


I/O 
uuipul 


Port 93: I/O port (with pull-up resistor) 

OCl Idl oCl lU Udld 1 


P94 

nAU 1 




I/O 
Input 


Port 94: I/O port (with pull-up resistor) 

otjf Idl icLtjIVc; Udld 1 


SCLK1 




i/n 

l/U 

I/O 


rori yo. i/u pon ^wiin puii-up resisior; 
Serial clock I/0 1 


WDTOUT 


1 


Output 


Watchdog timer output pin 


m 




Input 


Non-maskable interrupt request pin: Interrupt request pin with falling edge. 
Can also be operated at rising edge by program. 


CLK 


1 


Output 


Clock output: Outputs fXI 4-4jclock. Pulled-up during reset. 


EA 


1 


Input 


External access: should be inputted with TMP96C041AF. 


ALE 




Output 


Address latch enable 


RESET 




Input 


Reset: Initializes LSI. (With pull-up resistor) 


X1/X2 


2 


I/O 


Oscillator connecting pin 


VCC 


2 




Power supply pin (+ 5V) 


VSS 


3 




GNDpin(OV) 



Note: Pull-up/puli-down resistor can be released from the pin by software (except the RESET pin). 
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3. Operation 

This section describes in blocks the functions and basic oper- 
ations of the TiVlP96C041 AF device. 

Check the chapter Guidelines and Restrictions for proper 
care of the device. 

3.1 CPU 

The TMP96C041 AF device has a built-in high-performance 
16-bit CPU. (For CPU operation, see TLCS-900 CPU in the 
book Core Architecture User Manual.) 



3.2 Memory Map 

The TMP96C041 AF has two register modes. One is minimum 
mode; in this mode, the area of program memory is 64K bytes 
maximum. The other is maximum mode; in this mode, the area 
of the program memory is 16M bytes maximum. 

Both minimum and maximum modes are the data mem- 
ory area 1 6M bytes maximum. 

That is, the program memory can locate OH ~ FFFFFFH 
in maximum mode. 

(1) Internal /O Devices 



The TMP96C041 AF uses the address space of 1 28 
bytes for the internal I/O devices area. This area is 
located to OH ~ 7FH. 

The CPU can access the internal I/O devices area with 
using short instruction code of direct addressing 
mode. 

Check the access area of each addressing mode and 
the memory map in Fig. 3.2 (1). 
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3.2 Memory Map 

Figure 3.2 is a memory map of the TMP96C041 AF. 



OOOOOOH 
000080H 

000100H 



008000H 
008200H 



OlOOOOH 



IrtternaJI/O 



Interrupt entry area 
(32entr}esx 16 byte) 



External memory 
(16M-byte) 



Direct area (n) 

i 



64K-byte area 
(nn) 



16M-byte area 
(R) 
(-R) 
(R+) 

(R + R8/15) 
(R + d8/16) 
(nnn) 



= Internal area) 



Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the system mode side to 1 0OH. 

Figure 3.2. Memory Map 
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(2) CS1 Area (Chip Select/Wait Controller) 

The TMP96C041 AF is expanded the part of the 



address area for CS1 (only B1 C1 .0 = "CXD"). Show the 
address area of CS1 in Fig. 3.2 (2). 



OOOOOOH 

000480H 
007FFFH 
400000H 

800000H 
COOOOOH 



TMP96C141AF 
CS1 



Bid, = "00" 



B1C1,0 = "01'' 



B1C1,0 = "10" 



B1C1.0 = "11" 



OOOOOOH 
000080H 

007FFFH 
400000H 

800000H 

COOOOOH 

FFFFFFH 



TMP96C041AF-16 
CS1 



B1C1,0 = "00" 



BK1,Os''or 



B1C1,0 = ''10'' 



B1C1.0 = ''11" 



3.3 Bus Release Function 

The TMP96C041 AF has the internal pull-up and pull down 
resistors to fix the bus control signals at bus release. 



Fig. 3.2 (2). CS1 Address Area 

Show the table 3.3 of pin condition at bus release 



(BUSAK = 0). 



Table 3.3 Pin Condition at Bus Release (BUSAK = "L") 



Pin Name 


Pin state at bus release 


Port Mode 


Function Mode 


P00-P07 
(ADO -ADZ) 
P10-P17 

(AD8-15/AD8-15) 


The status is no-change (these pins are not "Hz") 


These pins are "Hz". 


P30(RD) 
P31 (WR) 


t 


These pins are "Hz". 

("Hz" stays after these pins driven high level) 


P32(fM) 
P37 (RAS) 


T 


The output buffer is "OFF' after these pins driven high. 
These pins are added the internal resistor of pull-up. It's no 
relation for the value of output latch. 


P36(R/W) 
P40(CS0/CAS0) 
P41 (CS1/CAS1) 


T 


T 


P20-P27 
(A16-A23) 
P42 (CS2/CAS2) 


T 


(*)t 


P20-P27 
(A16-A23) 


T 


The output buffer is "OFF" after these pins driven low. 
These pins are added the internal resistor of pull-up. It's no 
relation for the value of output latch. 



That is, when it is used for bus release (BUSAK = 0), the P30 (RDJ 

pins of below need pull-up or pull-down resistor for an external P31 (WR) 

circuit. (*) P42 has the resistor of programmable pull-down, but 
POO - P07 (ADO ADZ) when the bus are released, P42 pin is added a resistor of pull- 
Pi - P1 7 (ADS AD1 5) up. 
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For the bus release function; show a sample of external to run. So, the watchdog timer also continues to run. There- 
bus interface in the Figure 3.3 (1 ). fore, be careful about bus releasing time and set the detection 

When the bus is released, both internal memory and time of WDT. 
internal I/O cannot be accessed. But the internal I/O continues 



TMP96C041AF 



(Internal 
pull-down) 



P00-P07 
(ADO-7) 



P10-P17 
{AD8-15) 



P20-P27 
(A 16-23) 



P30 
P31 



m \ 

(WR) / 



P32 (HWR) 
P36 ( R/W ) 
(Internal pull-up) P37 (RAS) 
P40(CS0) 
P41 (CfT) 
P42 (CS5) 



Address/Data bus (ADO-15) 



Higher address bus (A1 6-23) 



Vcc 



System control bus 



Figure 3.3 (1). Example of the Interface Circuit (Bus Releasing Function) 



3.4 Serial Function pin) function of the channel and can use I/O interface mode. 

The TMP96C041 AF has two Serial I/O devices. But cha nnel Show the part of TMP96C41AF in detail, 

and channel 1 are same function except the handshake (CTSO 
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4. Electrical Characteristics 

4.1 Absolute Maximum (TMP96C041AF) 



Symbol 


Parameter 


Rating 


Unit 


v 

^cc 


Pnwpr ^iinnlu Vnltanp 
ruwci ouppiy vuiictyc 


U.vJ ~ O.J 


y 


VIN 


Inniit Vnltanp 




V 


ZIOL 


Output Current (total) 


100 


mA 


LIOH 


Output Current (total) 


-100 


mA 


PD 


Power Dissipation (Ta = 70°C) 


600 


mW 


T SOLDER 


Soldering Teniperature (10s) 


260 


°C 


TSTG 


Storage Temperature 


-65-150 


°C 


TOPR 


Operating Temperature 


-20-70 


°C 
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4.2 DC Characteristics (TMP96C041AF) 

Vcc = 6V ± 10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 70°C (4 - 20MHz) 
(Typical values are for Ta = 25'^C and V^c = 5V) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


VIL 


Input Low Voltage (ADO-1 5) 


-0.3 


0.8 


V 




VIL1 


P2. P3. P4. P5. P6. P7. P8. P9 


-0.3 


0.3Vcc 


V 




VIL2 


RESET. NMI. INT0(P87) 


-0.3 


0.25Vcc 


V 




VIL3 


EA 


-0.3 


0.3 


V 




VIL4 


X1 


-0.3 


0.2Vcc 


V 




VIH 


Input High Voltage {ADO-1 5) 


2.2 


Vcc + 0.3 


V 




VIH1 


P2, P3. P4. P5. P6, P7. PS, P9 


0.7Vcc 


Vcc + 0.3 


V 




VIH2 


RESET. NMI. INTO(P87) 


0.75Vcc 


Vcc + 0.3 


V 




VIH3 


EA 


Vcc-0.3 


Vcc + 0.3 


V 




VIH4 


XI 


O.SVcc 


Vcc + 0.3 


V 




VOL 


Output Low Voltage 




0.45 


V 


IOL = 1.6mA 


VOH 


Output High Voltage 


2.4 




V 


IOH = -400mA 


V0H1 




0.75Vcc 




V 


IOH = -100mA 


V0H2 




O.OVcc 




V 


IOH= -20mA 


IDAR 


Darlington Drive Current 
(8 Output Pins max.) 


-1.0 


-3.5 


mA 


V EXT -1.5V 
REXT=1.1K« 


ILI 


Input Leakage Current 


TBD(Typ) 


d5 


ma 


0.0<Vin<Vcc 


ILO 


Output Leakage Current 


TBD(Typ) 


±10 


mA 


0.2<Vin<Vc,-0.2 


1 

' cc 


Operating Current (RUN) 
IDLE 

STOP(Ta = -20~70°C) 


TBD(Typ) 
TBD (Isir)) 
TBD(Typ) 


TBD 
10 
50 
10 


mA 
mA 

mA 

ijA 


tosc = 20MHz 

0.2<Vin<Vcc-0.2 
2 < V „ < V«« - 2 


VSTOP 


Power Down Voltage 
(@STOP.RAM Backup) 


2.0 


6.0 


V 


VIL2 = 0.2Vcc. 
VIH2 = 0.8Vcc 


RRST 


RESET Pull Up Register 


50 


150 


KQ 




CIO 


Pin Capacitance 




10 


PF 


tosc = 1MHz 


VTH 


Sctimitt Width 


0.4 


TBD(Typ) 


V 




RESET. NMI, INTO {P87) 




RK 


Pull Down/Up Register 


50""'" 









Note: l-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics (TMP96C041 AF) 

Vcc = 5V+10%TA = -40 - 85°C (4 ~ 16MHz) TA = -20 - 70°C (4MHz - 20MHz) 



No. 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


tosc 


Osc. Period (= x) 


50 


250 


62.5 




50 




ns 


2 


tCLK 


uLK widtn 


2X-40 




85 




60 




ns 


3 




AO - 16 Valia->ULK Hold 


0.5X-20 




11 




5 




ns 


4 




r>l 1/ V An oo Unlrl 

ULK Valld^AO - 23 Hold 


1.5X-70 




24 




5 




ns 


5 


tAL 


AO-15 valid-^ALE fall 


0.5X-15 




16 




10 




ns 


6 




AI C foil V AH 1 C Uftlrl 

ALb iall->AU - lo Hold 


0.5X-15 




16 




10 




ns 


7 


tlL 


ALb Hign widtn 


x-40 




23 




10 




ns 


8 




AI C foil vDHAA/D foil 

ALb lall— >nU/WK fall 


0.5X-30 




1 




-5 




ns 


9 


ki 


RD/WR rise->ALE rise 


0.5X-20 




11 




5 




ns 


10 




AO - 15 Valld->RD/WR fall 


x-25 




38 




25 




ns 


11 


^ACH 


An oo \/ol!/^ V DH AA/D foil 

AO - 16 valid— >nU/WK fall 


1.5X-50 




44 




25 




ns 


12 


tcA 


□ n AA/D r!f%o V An oo UnM 

nu/Wn rise-^AO - 2d Hold 


0.5X-20 




11 




5 




ns 


13 


Udl 


AO - 15 Valid->DO - 15 input 




3.0X-45 




143 




105 


ns 


14 


Udh 


AO - 23 Valid->DO - 15 input 




3.5X-65 




154 




110 


ns 


15 


tRD 


Dn foil V nn ic inrMii 

Hu fall— >L)0 - 15 input 




2.0X-50 




75 




50 


ns 


16 


^RR 


RDLow widtfi 


2.0X-40 




85 




60 




ns 


17 


tRR 


RD rise^DO - 15 Hold 

















ns 


18 


tfiAE 


nu rise— >A0 - ID output 


x-15 




48 




35 




ns 


19 


tww 


WRLow width 


2.0X-40 




85 




60 




ns 


20 




nn iCV/olirl v\A/D rion 

DO - ID valid— >Wn rise 


2.0X-50 




75 




50 




ns 


21 




\A/D rlrx-i V nn iCUnlrl 

Wn rise->L)0 - Id Hold 


0.5X-10 




21 




15 




ns 


22 




An oo \/oi;.^ v\A/AIT Inni if /i\A/AIT . n m/-n-l<->\ 

AO - 16 Valid— >WAI 1 input ( i WAi i + n nfiode) 




3.5X-90 




129 




85 


ns 


oo 
16 




An -ICX/oliH v\A/AIT Inniif H\A/AIT . n m/-iWQ\ 

AO - ID valid— >WAii input (iWAii + n mooe; 




3.0X-80 




108 




70 


ns 


24 


tew 


DHAAID foil »\A/AIT Unlrl /1\A/AIT . n rri<-i<-l/-i\ 

RD/WR fall->WAll Hold (1WAII + n mode) 


2.0X + 




125 




100 




ns 


25 


Uph 


An oo V/oKrJ . DADT I'l-krM if 

AO-23 Valid— >r(jRl input 




2.5X-120 




80 




36 


ns 


26 


UpH2 


An oo \/ol!rl vDADTUrtlrl 

A0-2o valid— ^r^URI Hold 


2.5X + 50 




206 




175 




ns 


07 


tcp 


WH rise— >rURi valid 




200 




200 




200 


ns 


28 


USRH 


AO - 23 Valid->RAS fall 


I.Ox-40 




23 




10 




ns 




USRL 


An -ICV/oliH vDAC foil 

AO - ID vaiid^KAb fall 


0.5X-15 




16 




10 




ns 


on 


^RAC 


DAC foil .. nn ■ic ii->r\iif 

nAo laii-^uo - 15 input 




2.5X-70 




130 




86 


ns 


31 


tfiAH 


DAC foil V An HCUnM 

RAbfail->A0-15H0ld 


0.5X-15 




16 




10 




ns 


oo 


^RAS 


DAC 1 mif iiii/^ffi 

nAb LOW Widtn 


2.0X-40 




85 




60 




ns 


00 

66 


tfiP 


nAb Hign wiotn 


2.0X-40 




85 




60 




ns 


OH 


tfiSH 


PA^ fall-jkRA^i riQP 
\jt\o lall — ynrto Hoc 


I.Ox-35 




28 




15 




ns 


35 


tfiSC 


RAS rise->CAS rise 


0.5X-25 




6 









ns 


36 


tRCD 


RASfalUCASfall 


I.Ox-40 




23 




10 




ns 


37 


kkZ 


CAS fall->DO- 15 input 




1.5X-65 




29 




10 


ns 


38 


tCAS 


CAS Low width 


1.5X-30 




64 




40 




ns 


39 




DO -15 valid ->CASfall 


0.5X-15 




16 




10 




ns 



AC IVIeasuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CLSOpF 

(However CL = 100pF for ADO ~ AD15, ADO ~ AD23, ALE, RD, WR, HWR, RAA/. CLK, RAS, CASO ~ CAS2) 

• Input Level: High 2.4V /Low 0.45V (ADO ~ AD1 5) 

High 0.8VGC /Low 0.2Vcc (Except for ADO ~ AD15) 
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(1) Read Cycle 



XI 



CLK 



CSO-2 



R/W 



WAIT 



Port Input 



RAS 



CASO-2 



RD 



AD0~15 



ALE 



-tosc" 



^AK-^ 



■^ASRH" 



"tKA~ 



-tAWH" 
■^AWL" 



3C 



•^APH~" 
-tAPH2- 



USRL 



■^ACH' 



^ : ^ - 



"^RSH~ 
-^RAS" 



-tRAC- 



tRSC 



"^RCD- 
"tADH- 



tCAC" 



"^CAS"" 



tACL" 



■^RR" 
"tRD" 



J' 



2t 



1C 



-tRp- 



*tcA- 



rtRAE-^ 



tHR 



^>"T 



^AL-^ 



-tLL- 



^LA- 



DO-- 15 



>- 
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(2) Write Cycle 



XI 



CLK 



A0~23 



CS0~2 



R/W 



WAIT 



Port Output 



RAS 



CAS0'-2 



WR, HWR 



ADO-15 -1. 



ALE 



X 



3t 



AO- 15 



X 



A L 



-tww" 



□0-15 



V 



tCP 
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4.4 A/D Conversion Characteristics (TMP96C041AF) 

Vcc = 5V±10%, TA = -40 - 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 - 20MHz) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vref 


Analog reference voltage 


Vcc- 1.5 




Vcc 


V 


Aqnd 


Analog reference voltage 


Vss 




Vss 


Vain 


Analog input voltage range 


Vss 




Vcc 


Iref 


Analog current for analog reference voltage 




TBD 


1.5 


mA 


Error 
(Quantize error of 
iO.5 LSB not included) 


4<fc<16MHz 


High speed conversion mode 




TBD 


±4.0 


LSB 


Low speed conversion mode 




TBD 


ifi.O 


16 <fc< 20MHz 


Higfi speed conversion mode 




TBD 


+4.0 


Low speed conversion mode 




TBD 


±6.0 



4.5 Serial Channel Timing - I/O Interface Mode 

Vcc = 5V±10%, TA = -40 - 85°C (4 ~ 16MHz) TA = -20 - 70°C (4 ~ 20MHz) 

(1) SCLK Input Mode 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 




SCLK cycle 


16x 




1 




0.8 




MS 


fess 


Output Data^Rising edge of SCLK 


tscY/2-5x-50 




137 




100 




ns 


tOHS 


SCLK rising edge->Output Data fiold 


5X-100 




212 




150 




ns 


^HSR 


SCLK rising edge-^lnput Data tiold 

















ns 


tsRD 


SCLK rising edge->effective data input 




tscY-5x-100 




587 




450 


ns 


Vcc = 5V±10%, TA = -40 ~ SS^C (4 - 16MHz) TA = -20 - 70°C (4 - 20MHz) 

(2) SCLK Output Mode 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tsCY 


SCLK cycle (programmable) 


16x 


8192X 


1 


512 


0.8 


409.6 


MS 


tass 


Output Data-^Rising edge of SCLK 


tscY-2x~150 




725 




550 




ns 


toHS 


SCLK rising edge->Output Data hold 


2X-80 




45 




20 




ns 


^HSR 


SCLK rising edge-»lnput Data hold 

















ns 


tsRD 


SCLK rising edge-^effective data input 




tscY-2x-150 




725 




550 


ns 


4.6 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7) 

Vcc = 5V±10%, TA = -40 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 - 20MHz) 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


WCK 


Clock cycle 


8X + 100 




600 




500 




ns 


VCKL 


Low level clock pulse width 


4X + 40 




290 




240 




ns 


VCKH 


High level clock pulse width 


4X + 40 




290 




240 




ns 
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4.7 Interrupt Operation 

Vcc = 5V±10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 70°C (4 - 20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


MIn 


Max 


Min 


Max 


tiNTAL 


NMI, INTO Low level pulse width 


4x 




250 




200 




ns 


tiNTAH 


NMi. INTO High level pulse width 


4x 




250 




200 




ns 


tiNTBL 


iNT4 ~ INT7 Low level pulse width 


8X + 100 




600 




500 




ns 


tiNTBH 


INT4~INT7High level pulse width 


8X + 100 




600 




500 




ns 
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4.8 Timing Chart for I/O Interface Mode 



CLK 



n I — I \ — I I — L 



tSCY 



SCLK 



OUTPUT DATA 
TxD 



INPUT DATA 
RxD 




X VALID X X VALID X X VALID X X VALID 
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4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 



BUSRQ 



RD,WR 



CS0~CS2. 
R/W. RAS, 
CAS0-CAS2 



(Note 1) 



tBRC 

^ — iv— 



3tX 



3t7 



3t7 



tcBAL 



rtBRC 



tCBAH^ 



---^^ 

(Note 2) 
"--hS- 

.-^^ 

(Note 3) 

._^v 



^tBA/i 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


^BRC 


BUSRQ setup time for CLK 


120 




120 




120 




ns 


^BAL 


CLK->BUSAK falling edge 




1.5X + 120 




245 




220 


ns 


tcBAH 


CLK->BUSAK rising edge 




0.5X + 40 




71 




65 


ns 


Uba 


Output buffer is off to BUSAK \ 





80 





80 





80 


ns 


^BAA 


BUSAK t output buffer is on. 





80 





80 





80 


ns 



Note 1 : The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to "0" during "Wait" cycle. 
Note 2: The internal programmable pull-up/pull-down resistance is added. 
The internal programmable pull-up/pull-up resistance is added. 

But theCS2/CAS2 pin does not have the internal programmable pull-up resistor. And in the condition of release, this pin is added the internal pull-up 
resistor. 
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5. Differences Between TMP96C141AF and The devices TMP96C141AF and TMP96C041AF have much 

TMP96C041 AF same function, but they are different from following points. 



Parameter 


TMP96C141AF 


TMP96C041AF 


Internal RAM 


1Kbyte 


Does not exist 


Pin condition at bus release 


TMP96C141AF 
see Figure 3.3 


TMP96C041AF 
see Figure 3.3 


Mapping area of CS1 default setting 
(B1C1/0:00) 


480H~7FFFH 


80H~7FFFH 
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CMOS 16-bit Microcontrollers 
TMP96CM40F 

1. Outline and Device Characteristics 

The TMP96CM40F are high-speed advanced 1 6-bit micro- 
controllers developed for controlling medium to large-scale 
equipment. The TMP96C141 AF does not have a ROM, the 
TMP96CM40F has a built-in ROM of 32K-byte, and the 
TMP96CPM40F has a built-in OTP of 32K-byte. 
TMP96CM40F is housed in an 80-pin flat package. 
Device characteristics are as follov\/s: 

(1) Original 16-bit CPU 

• TLGS-90 instruction mnemonic upward compatible. 

• 1 6M-byte linear address space 

• General-purpose registers and register bank system 

• 1 6-bit multiplication/division and bit transfer/arithmetic 
instructions 

• High-speed micro DMA 

- 4 channels (1 .6|is/2 bytes @ 20MHz) 

(2) Minimum instruction execution time 

- 200ns @ 20MHz 

(3) Internal RAM: 1Kbyte 



Internal ROM: 32Kbyte 

(4) External memory expansion 

• Can be expanded up to 1 6M bytes (for both programs and 
data). 

• Can mix 8- and 1 6-bit external data buses. 

(5) 8-bit timers: 2 channels 

(6) 8-bit PWM timers: 2 channels 

(7) 1 6-bit timers: 2 channels 

(8) Pattern generators: 4 bits, 2 channels 

(9) Serial interface: 2 channels 

(10) 10-bit A/D converter: 4 channels 

(11) Watchdog timer 

(1 2) Chip select/wait controller: 3 blocks 

(1 3) Interrupt functions 

• 3 CPU interrupts SWI instruction, privileged violation, 
and Illegal instruction 

• 14 internal interrupts 

• 6 external interrupts 

(14) I/O ports 
- 65 pins 

(15) Standby function : 3 halt modes (RUN, IDLE, STOP) 



^ 7-level priority can be set. 
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(ANO) P50 - 
(AN1)P51 - 
(AN2) P52 - 
(AN3) P53 - 
VREF- 
AGND- 



(TXDO) P90 - 
(RXDO) P91 - 
(SCLKO/CTSO) P92 ' 

(TXD1)P93 - 
(RXD1)P94- 
(SCLK1) P95- 



(PG 00) P60 ' 
(PG01)P61 ' 
(PG 02) P62 - 
(PG 03) P63 - 
(PG 10)P64 - 
(PG 11)P65 - 
(PG 12) P66 - 
(PG 13)P67 - 



(T01)P71- 

(T02) P72- 
(T03) P73- 



(INT4/TI4) P80- 
(INT5/Tt5) P81 - 
(T04) P82 - 
(T05) P83 - 

(INT6/TI6) P84- 
(INT7/TI7) P85- 
(T06) P86- 



1 0-BIT 4CH 

A/D 
CONVERTER 



SERIAL I/O 
(CH.O) 



SERIAL I/O 
(CH.1) 



PATTERN 
GENERATOR 
(CH.O) 



PATTERN 
GENERATOR 
(CH.1) 



8BIT TIMER 
(TIMER 0) 



8BIT TIMER 
(TIMER 1) 



8BIT PWM 
(TIMER 2) 



8BIT PWM 
(TIMER 3) 



16BIT TIMER 
(TIMER 4) 



15BIT TIMER 
(TIMER 5) 




TF-1 



INTERRUPT 
CONTROLLER 



WATCH-DOG 
TIMER 



CS/WAIT 
CONTROLLER 
(3-BLOCK) 



-VCCI21 
-VSSI31 



"EA 

" RESET 
■ ALE 



-P0O-P07 
(AD0~AD7) 



•P10~P17 

(ADS-ADIS/AS-AIS) 



•P20-P27 
(A0~-A7/A16~A23) 



>P30(RD) 

>P31( WR) 

•P32( HWR) 

>P33(WArf) 

-P34(BUSRQ) 

-P35(BUSAK) 

- P36(R/W) 

-P37(RAS) 



•P40( CS0/CAS0 ) 
-P41(CS1/CAS1) 
-P42(CS2/CAS2) 



Figure 1. TMP96CM40F Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 

The assignment of input/output pins for TMP96CM40F, their Figure 2.1 shows pin assignment of TMP96CM40F. 
name and outline functions are described below. 



(AN0)P50 
(AN1)P51 
(AN2)P52 
(AN3)P53 
VCC 
VREF 
AGND 
VSS 

(PG00)P60 
(PG01)P61 
(PG02)P62 
(PG03)P63 
(PG10)P64 
(PG11)P65 
(PG12)P66 
(PG13)P67 
(TI0)P70 
(T01)P71 
(T02)P72 
(T03)P73 
(INT4/TI4)P80 
(INT5m5)P81 
(T04)P82 
(T05)P83 
(INT6n"l6)P84 
(INT7/TI7)P85 
(T06)P86 
{INT0)P87 
NMI 



~7i 



-72 
-71 
-70 
-69 
-68 
-67 
-66 
-65 



WDTOUT 
RESET 
CLK 

VSS 
XI 
X2 
EA 

(TXD0)P90 
(RXD0)P91 
(SCLKO/CTS0)P92 
(TXD1)P93 



1- C 

2- C 

3- C 

4- C 

e-C 
lo-C 

i2h: 

13- C 

14- C 

i6h: 
i9h: 

20-C 

22- C 

23- C 

24- c: 



nnnnnnnnnnnnnn 



Top View 
QFP80 



LJLJl_ILJL_JLJLJLJLJLJLJU 



3-64 
3-63 
3-62 
3-61 
3-60 
3-59 
3-58 
>57 
3-56 
3-55 
J-SA 
3-53 
>52 
3-51 
>50 
3-49 
3-48 
3-47 
3-46 
D-45 
3-44 
>-43 
3-42 
3-41 



P42(CS2/CAS2) 
P41( CS1/CAS1 ) 
P40(CS0/CAS0) 
P37(RAS) 
P36( R/W) 
P35( BUSAK ) 
P34( BUSRQ ) 
"""l(WAIT) 



P33{\ 



P32(HWR) 

P31(WR) 

P3a(RD) 

P27(A7/A23) 

P26(A6/A22) 

P25(A5/A21) 

P24(A4/A20) 

P23(A3/A19) 

P22(A2/A18) 

P21(A1/A17) 

P20(A0/A16) 

VSS 

P17(AD15/A15) 

P16(AD14/A14) 

P15(AD13/A13) 

P14(AD12/A12) 

P13(AD11/A11) 

P12(AD10/A10) 

P11{AD9/A9) 

P10(AD8/A8) 

P07(AD7) 

P06(AD6) 

P05(AD5) 

P04{AD4) 

P03(AD3) 

P02(AD2) 

POI(ADI) 

POO(ADO) 

VCC 

ALE 

P95(SCLK1) 
P94(RXD1) 



Note : Because the TMP96CM40 has an external ROM, POO to P17 pins are fixed to ADO to AD15; P30 to RD; and P31 to WU. 



Figure 2.1. Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions described below. 

The names of input/output pins and tineir functions are 



Table 2.2. Pin Names and Functions 



Pin Name 


Number 
of Pins 


I/O 


Functions 


P00~P07 
ADO- ADZ 


8 


I/O 
Tri-state 


Port 0: I/O port ttiat allows I/O to be selected on a bit basis 
Address / data (lower): - 7 for address/data bus 


P10~P17 

AD8~AD15 

A8~A15 


8 


I/O 
Tri-state 
Output 


Port 1 : I/O port ttiat allows I/O to be selected on a bit basis 
Address data (upper): 8 - 15 for address/data bus 
Address: 8 to 15 for address bus 


P20~P2Z 

AO~AZ 

A16~A23 


8 


I/O 
Output 
Output 


Port 2: I/O port ttiat allows selection of I/O on a bit basis (with pull-down resistor) 
Address: - Z for address bus 
Address: 16-23 for address bus 


P30 
RD 




Output 
Output 


Port 30: Output port 

Read: Strobe signal for reading external memory 


P31 
WR 




Output 
Output 


Port 31: Output port 

Write: Strobe signal for writing data on pins ADO -Z 


P32 
HWR 




I/O 
Output 


Port 32: I/O port (witti pull-up resistor) 

Higfi write: Strobe signal for writing data on pins ADS - 15 


P33 
WAIT 


1 


I/O 
Input 


Port 33: I/O port (witfi pull-up resistor) 
Wait: Pin used to request CPU bus wait 


P34 
BUSRQ 




I/O 
Input 


Port 34: I/O port (with pull-up resistor) 

Bus request: Signal used to request high impedance for ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, 
CS1, and CS2 pins. (For external DMAC) 


P35 
BUSAK 




I/O 
Output 


Port 35: I/O (with pull-up resistor) 

Bus acknowledge: Signal indicating that ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, CS1, and CS2 
pins are at high impedance after receiving BUSRQ. (For external DMAC) 


P36 
R/W 




I/O 
Output 


Port 36: I/O port (with pull-up resistor) 

Read/write: 1 represents read or dummy cycle; 0, write cycle. 


P3Z 
RAS 




I/O 
Output 


Port 3Z: I/O port (with pull-up resistor) 

Row address strobe: Outputs RAS strobe for DRAM. 


P40 
CSO 
CASO 




I/O 
Output 
Output 


Port 40: I/O port (with pull-up resistor) 

Chip select 0: Outputs when address is within specified address area. 

Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 



Note: With the external DMA controll er, this d evic e's built-i n nnemory or built-in I/O 
cannot be accessed using the BUSRQ and BUSAK pins. 
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Pin Name 


Number 
of Pins 


I/O 


Functions 


P41 
CS1 
^^^^ 


1 


I/O 
Output 

niifniif 

uuipul 


Port 41 : I/O port (witti pull-up resistor) 

Chip select 1 : Outputs if address jswithin specified address area. 

OUIUIIIil dUUicbo bliUUc 1. UUipUlb UAoollUUc lUi UnMIVI II dUUlcSS lb WIUIIII SpcClllcU dUOrcbb drcd. 


CS2 
CAS2 




i/n 
i/u 

Output 

Output 


Pnrf AO' I/n nrvrf /uiifh niill-iin roo!cfr\r\ 

run 4^1. l/U puii ^Vviiii pun up icbibiui; 

Ctlip select 2: Outputs if address is within specified address area. 

Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 


P50~P53 
AN0~AN3 




Input 
Input 


Port 5: Input port 

Analog input: Input to A/D converter 


VREF 


— ^ — 


Input 


Pin for reference voltage input to A/D converter 


AGND 




Input 


Ground pin for A/D converter 


rou ~ ruo 
PG00~PG03 




i/n 

l/U 

Output 


Pnrto fin _ fiQ' I/n nnrto fhaf ^ilnuf caloptinn r»f l/n rvn a hif hocic /uiifh niill_iin rocictnr\ 

ruiib Du DO. l/U puiib iiidi diiuw bcicuiiuii ui l/U Oil d uii udbib ^wiiii pun up icbibiui^ 
Pattern generator ports: 00 - 03 


Pfi4 Pfi7 

PG10~PG13 




I/n 

l/U 

Output 


Pnrtc RA _ fiT* I/n nnrtc fhof olinu/ color'tinn nf I/n r\n o hit hacic /u/ith mill iin roeicfnrA 
rUllb OH - 0/ . l/U pUllb llldl dllUW bclcLllUfI UI l/U UN d UII UdbIb ^Wllll pun up IcblblUly 

Pattern generator ports: 10-13 


P70 
r/U 

T10 




I/n 

l/U 

Input 


Pnrf 7n* I/n nrtrf /ii/ith mill iin rfloictr\r\ 
run ID. l/U pUll ^Wllll pUlrUp IcblblUlj 

Timer input 0: Timer input 


P71 
11 1 

T01 




I/n 

l/U 

Output 


Pnrt 71* I/n nnrt /uiifh mill_iin rQoiotnr^ 

run / 1 . l/U pun ^wiiii pun up icbibiui ) 
Timer output 1 : Timer or 1 output 


P72 

\\Jc 




I/O 

niitniit 

uuipul 


Port 72: I/O port (with pull-up resistor) 

PWM niitniit 9- A-hit PWM Hmpr 9 niifniit 
rvvivi uuipui c. uii r vvivi iiiiici c. uuipui 


P73 
T03 




I/O 
Output 


Port 73: I/O port (with pull-up resistor) 
PWM output 3: 8-bit PWM timer 3 output 


P80 
TI4 

\K\TA 


1 


I/O 
Input 
Input 


Port 80: I/O port (with pull-up resistor) 

Timer input 4: Timer 4 count/capture trigger signal input 

Inforri inf ronimof nin A* Inforrimf rani laof nin uiltH nmnrimmoKlQ ricinn/tillinn oHriQ 

inierrupi requesi pin h. inierrupi recjuesi pin wiin programmauie rising/iaiiing eoge 


P81 
715 

INT5 




I/O 
Input 
Input 


Port 81 : I/O port (with pull-up resistor) 

Timpr inniif Timpr 4 rniint/pantiirp trinnpr <;innal inniit 
iiiiici iii|juiij. IIIIICI ^ uuui ii/oupiuic 11 lyyci oiyiiai iiipui 

Interrupt request pin 5: Interrupt request pin with rising edge 


P82 
T04 




I/O 
Output 


Port 82: I/O port (with pull-up resistor) 
Timer output 4: Timer 4 output pin 


P83 
T05 




I/O 
Output 


Port 83: I/O port (with pull-up resistor) 
Timer output 5: Timer 4 output pin 



Note 1 : Case of the settable CS2 and CAS2; when TMP96CM40F is bus release, this pin is not added the internal pull-down resistor but is added the internal 
pull-up resistor. 
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Pin Name 


Number 
of Pins 


I/O 


Functions 


P84 
TI6 

IMTR 
m 1 D 


1 


I/O 
Input 
Input 


Port 84: I/O port (with pull-up resistor) 

Timer input 6: Timer 5 count/capture trigger signal input 

Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge 


P85 

TI7 

INT7 




I/O 
Input 
Input 


Port 85: I/O port (with pull-up resistor) 

Timer input 7: Timer 5 count/capture trigger signal input 

Interrupt request pin 7: Interrupt request pin with rising edge 


roD 
T06 




i/n 
l/U 

Output 


Port 86: I/O port (with pull-up resistor) 
Timer output 6: Timer 5 output pin 


Pfl7 

roi 
INTO 




i/n 
i/u 

Input 


Port 87: I/O port (with pull-up resistor) 

Interrupt request pin 0: Interrupt request pin with programmable level/rising edge 


P90 
TYnn 

1 AUU 




I/O 

UUipUT 


Port 90: I/O port (with pull-up resistor) 
Serial send data 


P91 

nAUU 




I/O 
Input 


Port 91: I/O port (with pull-up resistor) 
Serial receive data 


P92 
SCLKO 




I/O 
Input 
I/O 


Port 92: I/O port (with pull-up resistor) 
Serial data send enable (Clear to Send) 
Serial clock 1/0 


PQQ 

TXD1 




I/n 
l/U 

Output 


Port 93: I/O port (with pull-up resistor) 
Serial send data 1 


P94 
RXD1 


1 


I/O 
Input 


Port 94: I/O port (with pull-up resistor) 
Serial receive data 1 


P95 
SCLK1 




I/O 
I/O 


Port 95: I/O port (with pull-up resistor) 
Serial clock 1/01 


WDTOUT 





Output 


Watchdog timer output pin 


m 




Input 


Non-maskable interrupt request pin: Interrupt request pin with falling edge. 
Can also be operated at rising edge by program. 


CLK 


1 


Output 


Clock output: Outputs fXI -5-4J clock. Pulled-up during reset. 


EA 


^ 


Input 


External access: should be inputted with TMP96C041AF. 
1, with TMP96CM40F/rMP96PM40F. 


ALE 




Output 


Address latch enable 


RESET 




Input 


Reset: Initializes LSI. (With pull-up resistor) 


X1/X2 


2 


I/O 


Oscillator connecting pin 


VCC 


2 




Power supply pin (+ 5V) 


VSS 


3 




GND pin (OV) 



Note: Pull-up/pull-down resistor can be released fronn the pin by software (except the RESET pin). 
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3. Operation 

This section describes in blocks tlie functions and basic oper- 
ations of the TMP96CM40F device. 

Check the chapter Guidelines and Restrictions for proper 
care of the device. 

3.1 CPU 

The TMP96CM40F device has a built-in high-perfornnance 1 6- 
bit CPU. (For CPU operation, see TLCS-900 CPU in the book 
Core Architecture User Manual.) 

3.2 Memory Map 

The TMP96CM40F has two register modes. One is minimum 
mode; in this mode, the area of program memory is 64K bytes 
maximum. The other is maximum mode; in this mode, the area 
of the program memory is 1 6M bytes maximum. 

Both minimum and maximum modes are the data mem- 
ory area 1 6M bytes maximum. 

That is, the program memory can locate OH ~ FFFFFFH 
in maximum mode. 



(1) Internal ROM 

The TMP96CM40 has the ROM of 32K bytes. This 
RAM is located to 80H ~ FFFFH. After the RESET 
operation, instruction execution starts from address 
8000H. A part of the internal ROM area (8000H ~ 
81 FFH) is interrupt entry area. 

(2) Internal RAM 

The TMP96CM40 has the RAM of 1 K bytes. This RAM 
is located to 80H ~ 47FH. The CPU can access the 
part of RAM (80H ~ FFH, 128 bytes) with using the 
short instruction code of direct addressing mode. 

(3) Internal /O Devices 

The TMP96CM40 uses the address space of 128 
bytes for the internal I/O devices area. This area is 
located to OH ~ 7FH. 

The CPU can access the internal I/O devices area with 
using short instruction code of direct addressing 
mode. 

Check the access area of each addressing mode and 
the memory map in Fig. 3.1 . 
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3.2 Memory Map 

Figure 3.2 is a memory map of the TMP96CM40F. 



000000 H 
000080H 

000100H 
000480H 



008000H 
008200H 



010000H 



FFFFFFH 



Internal I/O 
(128-byte) 



internai RAM 
(IK-byte) 



Interruptentry area 
(32entriesx16bYte) 



Internal ROM 
{3IC-byte) 



External memory 
(16M-byte) 



Direct area (n) 

L_ 



64K-byte area 
(nn) 



16M-byte area 
(R) 
(-R) 
(R + ) 

(R + R8/16) 
(R+d8/l6) 
(nnn) 



(G 



= Internal area) 



Note: The start address after reset is 8000H. Resetting sets the stack pointer p<SP) on the systenn nnode side to 1 0OH. 

Figure 3.2. Memory Map 
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4. Electrical Characteristics 



4.1 Absolute Maximum 



Symbol 


Parameter 


Rating 


Unit 


^cc 


Pnuuor QiinnU/ \/nlfano 

ruwci ouppiy vuiiayc 


U.U ~ O.J 


\j 


V IN 


Inniit Vnltflfip 




v 


ZIOL 


Output Current (total) 


100 


mA 


IIOH 


Output Current (total) 


-100 


mA 


PD 


Power Dissipation (Ta = 85°C) 


500 


mW 


T SOLDER 


Soldering Temperature (10s) 


260 


°C 


TSTG 


Storage Temperature 


-65-150 


°C 


TOPR 


Operating Temperature 


-40-85 


°C 
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4.2 DC Characteristics 

Vcc = 5V ± 10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 - 20MHz) 
(Typical values are for Ta = 25°C and V^c = 5V) 



Symbol 


Parameter 


Mln 


Max 


Unit 


Test Condition 


VIL 


Input Low Voltage (ADO-15) 


-0.3 


0.8 


V 




VIL1 


P2, P3. P4, P5, P6. P7, P8, P9 


-0.3 


0.3Vcc 


V 




ViL2 


RESET, NMI, INTO {P87) 


-0.3 


0.25Vcc 


V 




VIL3 


EA 


-0.3 


0.3 


V 




VIL4 


X1 


-0.3 


0.2Vcc 


V 




vIh 


InputHighVoiS^^^^^^ 




Vcc + 0.3 






VIH1 


P2, P3. P4, P5, P6, P7. P8. P9 


0.7Vcc 


Vcc + 0.3 


V 




VIH2 


RESET. NMI, INTO (P87) 


0.75Vcc 


Vcc + 0.3 


V 




VIH3 


EA 


Vcc -0.3 


Vcc + 0.3 


V 




VIH4 


XI 


0.8Vcc 


Vcc + 0.3 


V 




VOL 


Output Low Voltage 




0.45 


V 


IOL = 'l.6m'A 


VOH 


Output Higti Voltage 


2.4 




V 


IOH = -400mA 


V0H1 




0.75Vcc 




V 


IOH = -100mA 


V0H2 




O.QVcc 




V 


IOH= -20mA 


IDAR 


Darlington Drive Current 
(8 Output Pins max.) 


-1.0 


-3.5 


mA 


...—^.^.^^ ..... 
REXT = 1.1Ka 


ILi 


Input Leakage Current 


0.02 (Typ) 


+5 


mA 


0.0<Vin<Vcc 


ILO 


Output Leakage Current 


0.05 (Typ) 


±10 


mA 


0.2<Vin<Vcc-0.2 


^ cc 


Operating Current (RUN) 
IDLE 

STOP(Ta = -20~70°C) 
STOP (Ta = ~ 50°C) 


30 (Typ) 
2.0 (Typ) 
0.2 (Typ) 


50 
10 
50 
10 


mA 
mA 

ma 

uA 


fc = 20MHz 
0.2<Vin<Vcc-0.2 

02<Vin<Vrr-02 


VSTOP 


Power Down Voltage 
(@STOP, RAM Back up) 


2.0 


6.0 


V 


VIL2 = 0.2Vcc, 
VIH2 = 0.8Vcc 


RRST 


RESET Pull Up Register 


50 


150 


KQ 




CIO 


Pin Capacitance 




10 


PF 


tosc = 1MHz 


VTH 


SchmittWidtti 


0.4 


1.0 (Typ) 


V 




RESET NMI, INTO (P87) 






Pull Down/Up Register 


50 


150 







Note: l-DAR Is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics 

Vcc = 5V±10%TA = -40 ~ 85°C (4 - 16MHz) TA = -20 - 70°C {4MHz ~ 20MHz) 



No. 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


^osc 


Osc. Period (= x) 


50 


250 


62.5 




50 




ns 


2 


tcLK 


CLK width 


2X-40 




85 




60 




ns 


3 


tAK 


AO - 23 Valid^CLK Hold 


0.5X-20 




11 




5 




ns 


4 


tKA 


GLK Valid->A0-23 Hold 


1.5X-70 




24 




5 




ns 


5 


tAL 


AO-15 Valid->ALE fall 


0.5X-15 




16 




10 




ns 


6 


tlA 


ALE iall->AO- 15 Hold 


0.5X-15 




16 




10 




ns 


7 


ki 


ALtHign width 


X-40 




23 




10 




ns 


8 


tic 


ALE fall-^RD/WR fall 


0.5X-30 




1 




-5 




ns 


9 




RD/WK rise-^ALE rise 


0.5X-20 




11 




5 




ns 


10 


^ACL 


Ar> Hcx/niir^ .r)r\/\A;nfnii 

AO - 15 Valid— >RD/WR tall 


x-25 




38 




25 




ns 


11 


UCH 


AO - 23 Valid->RU/WR tall 


1.5X-50 




44 




25 




ns 


12 


tCA 


nn AA/D rir»n » AO OO UnM 

hu/WR rise— >A0 - 23 Hold 


0.5X-20 




11 




5 




ns 


13 




A0-15Valid->u0- 15 input 




3.0X-45 




143 




105 


ns 


14 


Udh 


AA AA\/«ir^ r\A Hr ^.^^..i 

AO - 23 Valid->uO - 15 input 




3.5X-65 




154 




110 


ns 


15 


^RD 


RD tall->DO- 15 input 




2.0X-50 




75 




50 


ns 


16 


^RR 


RD Low width 


2.0X-40 




85 




60 




ns 


17 


^HR 


RD rise^DO - 15 Hold 

















ns 


18 


^RAE 


RD rise->AO- 15 output 


x-15 




48 




35 




ns 


19 


tww 


lA/n 1 «... ...:^i.u 

WRLow width 


2.0X-40 




85 




60 




ns 


20 


tow 


DO - 15 Valid-^WR rise 


2.0X-50 




75 




50 




ns 


21 




WR rise->DO - 15 Hold 


0.5X-10 




21 




15 




ns 


22 


Ueh 


AO - 23 Valid->WAIT input (1 WAIT + n mode) 




3.5X-90 




129 




85 


ns 


23 




AO - 15 Valid-^WAlT input (1WAIT + n mode) 




3.0X-80 




108 




70 


ns 


24 




RD/WR fall^WAIT Hold (1 WAIT + n mode) 


2.0X + 




125 




100 




ns 


25 


Uph 


AO - 23 Valld^rURT input 




2.5X-120 




80 




36 


ns 


26 


UpH2 


An nn nrvnx i i^i^ 

AO - 23 Valld-^PORT Hold 


2.5X + 50 




206 




175 




ns 


27 




WR rise^PURr Valid 




200 




200 




200 


ns 


28 


USRH 


An nn\/»,i:^ n a o t»i i 

AO - 23 Valid->RAb fall 


I.Ox-40 




23 




10 




ns 


29 


USRL 


AO - 15 Valid->RAb fall 


0.5X-15 




16 




10 




ns 


30 


tRAC 


DAC foil V nn -iQ InrMif 

RAo laii— >D0 - 15 input 




2.5X-70 




130 




86 


ns 


6\ 


tfiAH 


DAC foil V AH 1C UnM 

RAb iall->AO - lo Hold 


0.5X-15 




16 




10 




ns 


32 


^RAS 


DAC 1 /Mil 

RAo Low Width 


2.0X-40 




85 




60 




ns 


00 


tnn 
^RP 


DAC Hinh width 
nr\o niyi 1 WlUli 1 


2.0X-40 




85 




60 




ns 


34 


^RSH 


CAS falURAS rise 


I.Ox-35 




28 




15 




ns 


35 


^RSC 


RAS rise->CAS rise 


0.5X-25 




6 









ns 


36 


tfiCD 


RASfalUCASfall 


I.Ox-40 




23 




10 




ns 


37 


tcAC 


CAS falUDO- 15 input 




1.5X-65 




29 




10 


ns 


38 


tcAS 


CAS Low width 


1.5X-30 




64 




40 




ns 



AC IVIeasuring Conditions 

• Output Level: Highi 2.2V /Low 0.8V, CLSOpF 

(However CL = lOOpF for ADO ~ AD15, ADO - AD23, ALE, RD, WR, HWR, R/W, CLK,"RAS, CASO ~ CAS2) 

• Input Level: High 2.4V /Low0.45V (ADO ~ AD15) 

High O.BVcc /Low 0.2Vcc (Except for ADO ~ AD15) 
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(1) Read Cycle 



XI 



CLK 



AO-23 



CSO-2 



RAA^ 



WAIT 



Port Input 



RAS 



CASO-2 



RD 



ADO- 15 



ALE 



"tosc" 



^AK- 



■^ASRH" 



"^AWH" 
■^AWL"" 



3[ 



-tAPH~" 
-tAPH2- 



tASRL 



ACH" 



^RCD" 
tADH- 



tACL" 



-tew-*- 



^Air 



^LA- 



-tLL- 



1^ 



— ! ^ 



"^RSH" 
-tRAS" 



-tKA" 



-tRAC- 



"^CAC" 



-^CAS- 



■^RR" 



-tRD" 
■^ADL" 



tRSC 



r 



-*-tCA-> 



rtRAE"*" 



^HR 
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(2) Write Cycle 



XI 



CLK 



X 



X 



AO-23 



X 



X 



CS0~2 



R/W 



WAIT 



3C 



^ L 



Port Output 



RAS 



X 



X 



tCP 



CASO-2 



WR, HWR 



AD0~1 



5 -f — < /^-15 X f 



-tww 

"^DW 

DO-15 



i> 



ALE 



y 
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4.4 A/D Conversion Characteristics 

Vcc = 5V±10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 - 70°C (4 ~ 20MHz) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vref 


Analog reference voltage 


Vcc- 1.5 




Vcc 


V 


Agnd 


Analog reference voltage 


Vss 




Vss 


Vain 


Analog input voltage range 


Vss 




Vcc 


•ref 


Analog current for analog reference voltage 




0.5 


1.5 


mA 


Error 
(Quantize error of 
£3.5 LSB not included) 


4<fc<16MHz 


Low change mode 




±1.5 


±1.0 


LSB 


High change mode 




13.0 


d£.0 


16 <fc< 20MHz 


Low change mode 




±1.5 


14.0 


High change mode 




14.0 


Ifi.O 



4.5 Serial Channel Timing - I/O Interface Mode 

= 5V±10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 ~ 20MHz) 

(1) SCLK Input Mode 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tsCY 


SCLK cycle 


16x 




1 




0.8 




MS 


^OSS 


Output Data->rising edge of SCLK 


tscY/2-5x-50 




137 




100 




ns 


toHS 


SCLK rising edge-^output data hold 


5X-100 




212 




150 




ns 


^HSR 


SCLK rising edge-^lnput data hold 

















ns 


^SRD 


SCLK rising edge->effective data input 




tscY-5x-100 




587 




450 


ns 


Vcc = 5V±10%, TA = -40 ~ 85°C (4 ~ 16IVIHz) TA = -20 - 70°C (4 ~ 20MHz) 

(2) SCLK Output Mode 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 




SCLK cycle (programmable) 


16x 


8192X 


1 


512 


0.8 


409.6 


MS 


toss 


Output data-arising edge of SCLK 


tscY-2x-150 




725 




550 




ns 


^GHS 


SCLK rising edge-^output data hold 


2X-80 




45 




20 




ns 


^HSR 


SCLK rising edge-^input data hold 

















ns 


tSRD 


SCLK rising edge^effective data input 




tscY-2x-150 




725 




550 


ns 


4.6 Timer/Counter Input Clock {TIO, TI4, TI5, TI6, TI7) 

Vcc = 5V±10%, TA = -40 - 85°C (4 - 16MHz) TA = -20 - 70°C (4 ~ 20MHz) 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 




Clock cycle 


8X + 100 




600 




500 




ns 


WCKL 


Low level clock pulse width 


4X + 40 




290 




240 




ns 


VCKH 


High level clock pulse width 


4X + 40 




290 




240 




ns 
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4.7 Interrupt Operation 



: 5V±10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 ~ 20MHz) 



Symbol 


Parameter 


Variable 


16IVIHZ 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


t|NTAL 


NMI, INTO Low level pulse width 


4x 




250 




200 




ns 


tiNTAH 


NMi, INTO High level pulse width 


4x 




250 




200 




ns 


t|NTBL 


INT4 ~ INT7 Low level pulse width 


8X + 100 




600 




500 




ns 


tiNTBH 


INT4 ~ INT7 High level pulse width 


8X + 100 




600 




500 




ns 



4.8 Timing Chart for I/O Interface Mode 

n r 



CLK 



J — I \ — L 



tSCY 



OUTPUT DATA 
TxD 




VALID 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



MCU900-213 



TMP96CM40F 



TLCS-900 16-blt Microcontroller 



4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 



(Note 1) 



BUSRQ 



BUSAK 



AD0~AD15, A0~A23. 
CS0-CS2. R/W.RAS. 
CAS0-CAS2 

rd,wr,hWr 



tBRC 



tCBAL 



-^tBRC 



■^s 



(Note 2) 



-tCBAH 



-*tBAA 







(Note 3) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Mln 


Max 


Min 


Max 


Min 


Max 




BUSRQ setup time forCLK 


120 




120 




120 




ns 


tCBAL 


CLK-^BUSAK falling edge 




1.5X + 120 




214 




195 


ns 


tCBAH 


CLK->BUSAK rising edge 




0.5X + 40 




71 




65 


ns 


^ABA 


Output buffer is off to BUSAK ^\ 





80 





80 





80 


ns 


tfiAA 


BUSAK } output buffer is on. 





80 





80 





80 


ns 



Note 1 : The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to "0" during "Wait" cycle. 
Note 2: This line only shows the output buffer is off- state. 
They don't indicate the signal level is fixed. 

After the bus is released, the signal level is kept dynamically before the bus is released by the external capacitance. 

Therefore, to fix the signal level by an external resistance under the bus is releasing, the design must be carefully because of the level fix will be delayed, 
The internal programmable pull-up/pull-up resistance is switched active/non-active by the internal signal. 
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4.10 Typical Characteristics 



= 5V±10%, Ta = 25 C unless otherwise noted. 



Vcc M 
6 




5 10 15 20 25 ^ ^^^^j 5 10 15 20 25 

FigureS.l Vcc- fosc TYPICAL CURVE ^^'^ Figure5.2 fosc- kc TYPICAL CURVE ^^^'^^'^"'^ 



lcc(mA) 

























fosc = 20MH 












foSC= 10MH 










• "fosc = 4MHz 













Figure 5.3 Ice -Vcc TYPICAL CURVE ^'^'^^^^ 



Ipi (mA) 
40 



Vout(v) 




1 2 3 4 5 Vout(V) loH(mA) 

Figure 5.4 Vqut-Iol TYPICAL CURVE Figure 5.5 Vqut - lOH TYPICAL CURVE 
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5. Differences Between TMP96C141AF, 
TMP96CM40F, and TMP96PM40F 



The devices TMP96C141 AF, TMP96CM40F and 
TMP96PM40F have much the same function but they are dif- 
ferent from following points. 



Parameter 


TMP96C141AF 


TMP96CM40F 


TMP96PM40F 


Internal ROM 


Does not exist 


Mask ROM 32Kbyte 


PROM 32K byte 


POO to P07, ADO to ADZ 


Only ADO to ADZ 


After reset POO ~ POZ 


P10to P17, ADS to AD15,A8to A15 


Only ADS to AD1 5 


After reset P10~P17 


P30,RD 


OnlyRD 


After reset P30 


P31,WR 


OnlyWR 


After reset P31 
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CMOS 16-bit Microcontrollers 
TMP96PM40F 

1. Outline and Device Characteristics 

The TMP96PM40F are high-speed advanced 1 6-bit micro- 
controllers developed for controlling medium to large-scale 
equipment. The TMP96C141 AF does not have a ROM, the 
TMP96CM40F has a built-in ROM of 32K-byte, and the 
TMP96PM40F has a built-in OTP of 32K-byte. 

It is possible to do write/verify of program data with using 



an adapter socket and general purpose EPROM writer 
(TC571000 mode). 

TMP96PM40F is pin compatible with TMP96CM40F 
(mask ROM type). 

TMP96CM40F is housed in an 80-pin flat package. 



Product Name 


ROM 


RAM 


Package 


Adapter Socket Name 


TMP96PM40F 


OTP type 
32Kx8bit 


1Kx8bit 


80-FP 


BM1139A 
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(ANO) P50 - 
(AN1)P51 - 
(AN2) P52 - 
(AN3) P53 - 
VREF- 
AGND- 



(TXDO) P90 ' 
(RXD0)P91 ' 
(SCLKO/CTSO) P92 ' 

(TX01)P93 - 
(RXD1)P94 - 
(SCLKI) P95- 



(P6 00) P60 ■ 
(PG01)P61 - 
(PG 02) P62 - 
(PG 03) P63 - 
(PG 10) P64 - 
(PG 11)P65 - 
(PG 12) P66 - 
(PG 13) P67 - 



(TIC) P70- 
(T01)P71-. 

(T02) P72- 
(T03) P73- 



(INT4/TI4) P80- 
(INT5/TI5) P81- 
(T04) P82 - 
(T05) P83- 

(INT6/TI6) P84- 
(INT7/TI7) P85- 
(T06) P86- 

(INTO) P87- 



10-BIT4CH 

A/D 
CONVERTER 



SERIAL I/O 
(CH.O) 



SERIAL I/O 
(CH.1) 



PATTERN 
GENERATOR 
(CH.O) 



PATTERN 
GENERATOR 
(CH.l) 



8BIT TIMER 
(TIMER 0) 



8BIT TIMER 
(TIMER 1) 



8BIT PWM 
(TIMER 2) 



8BIT PWM 
(TIMER 3) 



16BIT TIMER 
(TIMER 4) 



16BIT TIMER 
(TIMER 5) 



XWA 

XBC 

XDE 

XHL 

XIX 

XIY 

XIZ 

XSP 





w 


A 
















H 


L 




IX 




lY 




\Z 




SP 



32 bit — » 

srHTfI 
I P c I 



INTERRUPT 
CONTROLLER 



WATCH-DOG 
TIMER 




CS/WAIT 
CONTROLLER 
(3-BLOCK) 



- VCC [2] 

- VSS (3) 



"EA 

"RESET 
-ALE 



► P00-P07 
(AD0~AD7) 



.P10~P17 
(AD8-AD15/A8-A15) 



. P20~P27 
(A0~A7/A16-A23) 



'P40(CS0/CAS0) 
>P41(CST/C'AS'f) 
'P42(CS2/CAS2) 



Figure 1. TMP96PM40 Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 

The assignment of input/output pins for TMP96PM40F, their Figure 2.1 shows pin assignnnent of TiVIP96PM40F. 
name and outline functions are described below. 



(AN0)P5O 
(AN1)P51 
(AN2)P52 
(AN3)P53 
VCC 
VREF 
AGND 
VSS 

(PG00)P60 
(PG01)P61 
(PG02)P62 
(PG03)P63 
(PG10)P64 
(PG11)P65 
(PG12)P66 
(PG13)P67 
(TI0)P70 
(T01)P71 
(T02)P72 
(T03)P73 
(INT4/TI4)P80 
(INT5m5)P81 
(T04)P82 
(T05)P83 
(INT6/TI6)P84 
(INT7/ri7)P85 
(T06)P86 
{INT0)P87 
NMI 



WDTOUT 
RESET 
CLK 

VSS 
XI 
X2 
EA 

(TXD0)P90 
( RXD0 )P91 
{SCLK0/CTS0)P92 
(TXD1)P93 



1-C 

8- C 

9- C 

14- c: 

15- C 

16- C 

18- C 

19- : 

20- C 

22- C 

23- C 

24- C 



nnnnrnnnrnn nnnnn 



Top View 
QFP80 



ljljljljlJUULJULJLJ 



>-64 
D-63 
J-62 
D-61 
3-60 
D-59 
>-58 
>-57 
3-56 
3-55 
3-54 
3-53 
3-52 
3-51 

3-50 

3-49 
3—48 
3-47 
3-46 
3-45 
3-44 
3-43 
>42 
3-41 

' 40 

39 

38 

37 

36 

35 

34 

33 



P42( CS2/CAS2 ) 

P41( CS1/CAS1 ) 

P40{CS0/CAS0) 

P37(RAS) 

P36( R/W) 

P35( BUSAK) 

P34( BUSRQ ) 

P33{WAIT) 

P32(HWR) 

P31(WR) 

P30(RD) 

P27(A7/A23) 

P26(A6/A22) 

P25(A5/A21) 

P24(A4/A20) 

P23(A3/A19) 

P22(A2/A18) 

P21(A1/A17) 

P20(A0/A16) 

VSS 

P17{AD15/A15) 

P16(AD14/A14) 

P15(AD13/A13) 

P14{AD12/A12) 

P13(AD11/An) 

P12(AD10/A10) 

P11(AD9/A9) 

P10(AD8/A8) 

P07(AD7) 

P06(AD6) 

P05(AD5) 

P04(AD4) 

P03(AD3) 

P02(AD2) 

POI(ADI) 

POO(ADO) 

VCC 

ALE 

P95{SCLK1) 
P94(RXD1) 



Note ; Because Ihe TMI'96FM40F has an external ROM. POO to P17 pins are fixed to ADO to AD15; P30 to RD; and P31 to WK. 



Figure 2.1. Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions The names of input/output pins and their functions are 

The TMP96PM40F has MCU mode and PROM mode. described below. 

(1) MCU Mode 



Table 2.2. (1) Pin Names and Functions 



Pin Name 


Number 
of Pins 


I/O 


Functions 


P00~P07 
AD0~AD7 


8 


I/O 
Tri-state 


Port 0: I/O port that allows I/O to be selected on a bit basis 
Address / data (lower): - 7 for address/data bus 


P10~P17 

AD8~AD15 

A8~A15 


8 


I/O 
Tri-state 
Output 


Port 1 : I/O port that allows I/O to be selected on a bit basis 
Address data (upper): 8 - 15 for address/data bus 
Address: 8 to 15 for address bus 


P20~P27 

A0~A7 

A16~A23 


8 


I/O 
Output 
Output 


Port 2: I/O port that allows selection of I/O on a bit basis (with pull-down resistor) 
Address: - 7 for address bus 
Address: 16-23 for address bus 


P30 
RD 




Output 
Output 


Port 30: Output port 

Read: Strobe signal for reading external memory 


P31 
WR 




Output 
Output 


Port 31: Output port 

Write: Strobe signal for writing data on pins ADO -7 


P32 
HWR 


1 


I/O 
Output 


Port 32: I/O port (with pull-up resistor) 

High write: Strobe signal for writing data on pins AD8 - 15 


P33 
WAIT 


1 


I/O 
Input 


Port 33: I/O port (with pull-up resistor) 
Wait: Pin used to request CPU bus wait 


P34 
BUSRQ 




I/O 
Input 


Port 34: I/O port (with pull-up resistor) 

Bus request: Signal used to request high impedance for ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, 
CS1, and CS2 pins. (For external DMAC) 


P35 
BUSAK 




I/O 
Output 


Port 35: I/O (with pull-up resistor) 

Bus acknowledge: Signal indicating that ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, CS1 , and CS2 
pins are at high impedance after receiving BUSRQ. (For external DMAC) 


P36 
R/W 




I/O 
Output 


Port 36: I/O port (with pull-up resistor) 

Read/write: 1 represents read or dummy cycle; 0, write cycle. 


P37 
RAS 




I/O 
Output 


Port 37: I/O port (with pull-up resistor) 

Row address strobe: Outputs RAS strobe for DRAM. 


P40 
CSO 
CASO 




I/O 
Output 
Output 


Port 40: I/O port (with pull-up resistor) 

Chip select 0: Outputs when address is within specified address area. 

Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 



Note: With the external DMA controll er, this d evic e's built-i n memory or built-in I/O 
cannot be accessed using the BUSRQ and BUSAK pins. 
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Pin Name 


Number 
of Pins 


1/0 


Functions 


P41 
CS1 

PAQ1 


1 


I/O 
Output 

Hi ifni it 

uuipul 


Port 41 : I/O port (with pull-up resistor) 

Ctiip select 1 : Outputs if address is within specified address area. 

Column address strobe 1: Outputs CAS strobe for DRAM if address is within specified address area. 


PAO 

CS2 
CAS2 


1 


i/n 

l/U 

Output 
Output 


Port 42: I/O port (with pull-up resistor) 

Chip select 2: Outputs if address is within specified address area. 

Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 


P50~P53 
AN0~AN3 


4 


Input 
Input 


Port 5: Input port 

Analog input: Input to A/D converter 


VREF 


1 


Input 


Pin for reference voltage input to A/D converter 


AGND 


1 


Input 


Ground pin for A/D converter 


roU ~ ruo 
PG00~PG03 


4 


i/n 
i/u 

Output 


Ports 60 - 63: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 
Pattern generator ports: 00 - 03 


PG10~PG13 


4 


I/n 
i/u 

Output 


rUllo OH - 01 . I/U pUlli) uldl dllUW bclcOllUII Ul l/U Ull d Ull Udolo ^Wllll pUlrUp IcblolUlj 

Pattern generator ports: 10-13 


r/U 
T10 


1 


I/n 
I/u 

Input 


Port 70: I/O port (with pull-up resistor) 
Timer input 0: Timer input 


T01 


1 


i/n 
I/U 

Output 


Port 71 : I/O port (with pull-up resistor) 
Timer output 1 : Timer or 1 output 


P72 


1 


I/O 

n* itrti if 

uuipui 


Port 72; I/O port (with pull-up resistor) 

D\MKH Aiitniit 0- Q Kit P\A/K^ timor niitniit 

r WM ouipul c. 0-Dii rwivi iimer d ouipui 


P73 
T03 


1 


I/O 
Output 


Port 73: I/O port (with pull-up resistor) 
PWM output 3; 8-bit PWM timer 3 output 


P80 
TI4 


1 


I/O 
Input 
Input 


Port 80: I/O port (with pull-up resistor) 

Timer input 4: Timer 4 count/capture trigger signal input 

Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge 


P81 
TI5 
INT5 


■\ 


I/O 
Input 


Port 81: I/O port (with pull-up resistor) 

Timpr inni it Timpr A rni int/ranti irp trinnpr QiVinal inni it 
iiiiici iii|JuiJ. 1 III ici H uuuMi/oapiuic iiiyyci oiyiiai II ipui 

Interrupt request pin 5: Interrupt request pin with rising edge 


P82 
T04 


1 


I/O 
Output 


Port 82: I/O port (with pull-up resistor) 
Timer output 4: Timer 4 output pin 


P83 
T05 


1 


I/O 
Output 


Port 83: I/O port (with pull-up resistor) 
Timer output 5: Timer 4 output pin 



Note 1 : Case of the settable CS2 and CAS2; when TMP96PM40F is bus release, this pin is not added the internal pull-down resistor but is added the internal 
pull-up resistor 
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Pin Name 


Number 
of Pins 


I/O 


Functions 


P84 
TI6 
INT6 




I/O 
Input 
Input 


Port 84: I/O port (witti pull-up resistor) 

Timer input 6: Timer 5 count/capture trigger signal input 

Interrupt request pin 6: Interrupt request pin witti programmable rising/falling edge 


P85 
TI7 
INT7 




I/O 
Input 
Input 


Port 85: I/O port (with pull-up resistor) 

Timer input 7: Timer 5 count/capture trigger signal input 

Interrupt request pin 7: Interrupt request pin with rising edge 


P86 
T06 




I/O 
Output 


Port 86: I/O port (with pull-up resistor) 
Timer output 6: Timer 5 output pin 


P87 
INTO 




I/O 
Input 


Port 87: I/O port (with pull-up resistor) 

Interrupt request pin 0: Interrupt request pin with programmable level/rising edge 


P90 
TXDO 




I/O 
Output 


Port 90: I/O port (with pull-up resistor) 
Serial send data 


P91 
RXDO 




I/O 
Input 


Port 91 : I/O port (with pull-up resistor) 
Serial receive data 


P92 

CTSO 

SCLKO 




I/O 
Input 
I/O 


Port 92: I/O port (with pull-up resistor) 
Serial data send enable (Clear to Send) 
Serial clock I/O 


P93 

Tvm 
1 AU 1 




I/O 

Hi itni it 

uuipui 


Port 93: I/O port (with pull-up resistor) 
Serial send data 1 


P94 

Dvm 
nAUl 




I/O 
Input 


Port 94: I/O port (with pull-up resistor) 
Serial receive data 1 


Dot; 
SCLK1 




l/U 

I/O 


Port 95: I/O port (with pull-up resistor) 
Serial clock 1/01 


\A/nTni IT 
WUIUU 1 




UUipUl 


waicnoog iimer ouipui pin 


Kilt /II 

NMI 




Input 


Non-maskable interrupt request pin: Interrupt request pin with falling edge. 
Can also be operated at rising edge by program. 


CLK 


1 


Output 


Clock output: Outputs P(1 -i-4Jclock. Pulled-up during reset. 


EA 


^ 


Input 


External access: should be inputted with TMP96C041AF. 
1. with TMP96CM40F/TMP96PM40F. 


ALE 




Output 


Address latch enable 


RESET 




Input 


Reset: Initializes LSI. (With pull-up resistor) 


X1/X2 


2 


I/O 


Oscillator connecting pin 


VCC 


2 




Power supply pin (+ 5V) 


VSS 


3 




GND pin (OV) 



Note: Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin). 
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(1) PROM Mode 



Table 2.2. (2) Pin Name and Function of PROM Mode 



Din Klomo 

rin name 


Pin 
Number 


Input/ 
Output 


Function 


Din Moma /Mm Mnfla\ 

rin Name (MbU moae; 


A7~A0 


8 


Input 


Memory address of program 


P27~P20 


A15~A8 


8 


Input 


P17~P10 


A16 


1 


Input 


P33 


D7~D0 


8 


I/O 


Memory data of program 


P07~P00 


CE 


1 


Input 


Ctiip enable 


P32 


OE 


1 


Input 


Output control 


P30 


PGM 


1 


Input 


Program control 


P31 


VPP 


1 


Power Supply 


12.75V/5V (Power supply of program) 


EA 


VCC 


2 


Power Supply 


6.25V/5V 


VCC 


VSS 


3 


Power Supply 


OV 


VSS 


Din Mo mo 


Pin 
Number 


Input/ 
Output 


Disposal of Pin 


P34 


1 


Input 


Fix to low level (security pin) 


RESET 


1 


Input 


Fix to low level (PROM mode) 


CLK 


1 


Input 


ALE 


1 


Output 


Open 


X1 


1 


Input 


Crystal 


X2 


1 


Output 


P95~P94, 

VREF 


3 


Input 


Fix to tiigti level 


AGND 


1 


Input 


OV 


P37~P35 
P42~P40 
P53~P50 
P67~P60 
P73~P70 
P87~P80 
NMI. 

WDTOUT 
P93~P90 


36 


I/O 


Open 
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3. Operation 

This section describes in blocks the functions and basic opera- 
tions of TMP96PM40F device. TMP96PM40F is exchanged 
mask ROM of TMP96CM40F for PROM. The other specifica- 
tions and functions are the same as TMP96CM40F. 

Check the chapter Guidelines and Restrictions for proper 
care of the device. 



3.1 MCUMode 

(1) Mode-setting and Function 

The MCU mode is set by opening the CLK pin (Output 
status). 

In the MCU mode, the operation is same as that of 
TMP96CM40R 



(2) Memory Map 

The memory map of TMP96PM40F is same as that of 
TMP96CM40R Figure 3.1 shows the memory map of 
TMP96PM40F, and the accessing area by the respec- 
tive addressing mode. 



Memory Map 

Figure 3.1 is a memory map of the TMP96PM40R 



OOOOOOH 
000080H 

OOOIOOH 
000480H 



008000H 
008200H 



Internal I/O 



Internal RAM 
{1K-byte) 



Interrupt entry area 
(32entrje$x1bbvte) 



Internal ROM 
(3K-byte) 



External memory 
(16M-byte) 



Direct area (n) 



64K-byte area 
(nn) 



16M-byte area 
(R) 
(-R) 
(R + ) 

{R+R8/16) 
(R + d8/16) 
(nnn) 



( I I = Internal area) 

Note: The start address after reset is 8000H. Resetting sets Vne stack pointer (XSP) on the system mode side to 100H. 

Figure 3.1. Memory Map 
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3.2 PROM Mode 

(1) Mode Setting and Function 



PROM nnode is set by setting the RESET and CLK pins 
to the "L" level. The programming and verification for 
the internal PROM is achieved by using a general 



EPROM programmer with the adapter socket. The 
device selection (ROM type) use following conditions 
(Set ROM type to TC571000D) 

Size: 1 Mbit (1 28K x 8bit) VPP: 1 2.75V TPW: 0. 1 ms 
Figure 3.2 shows the setting of pins in PROM mode. 



VPP (12.75V/ 5V) 

I . 



A16 

S 

AO 



□ 

-X- 



P33 
P17 

S 

PIO 
P27 

\ 

P20 



VSS 
AGND 



VCC 
P30 
P32 
P31 

P07 

S 

POO 

RESFf 
CLK 



P95 
P94 
P34 



j,VCC 

OE 

CE_ 

PGM 

C-P^DO 



=1 



- SECURITY 



= UsethelOMHz 
resonator in case of 
programming and 
verification by a general 
EPROM programmer. 



Figure 3.2. PROM Mode Pin Setting 



(2) Programming Flow Chart 

The programming mode is set by applying 12.5V (pro- 
gramming voltage) to the VPP pin when the following 
pins are set as follows, 

(VCC: 6.25V, RESET: "L" level, CLK: "L" level.) After the 
address and data have been fixed, the data on the 
Data Bus is programmed when the CE pin is set to "L' 
level (0.1ms pulse is required). General programming 
procedure of an EPROM programmer is as follows. 



• Write a data to a specified address for 0.1 ms 

• Verify the data. If the readout data does not match the 
expected data, another writing is performed until the correct 
data is written (Max. 25 times). 

Then, verify the data and increment the address. The 
verification for all data is done under the condition of 
Vpp = Vcc = 5 all data were written. 
Figure 3.3 shows the programming flow chart. 
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High Speed Program Writing 

Flow Chart 



START 



Vcc = 

Vpp = 


6.25V + 0.25V 
12.75V ± 0.25V 




ADDRESS 


= START ADDRESS 



x = o 

— 

PROGRAM 0.1ms PULSE 



X = X+ 1 




Figure 3.3. Flow Chart 



(3) Security Bit 

The TMP96PM 40 has a security bit in PROM cell. If 
the Security Bit is programmed to "0", the content of 
the PROM is disable to be read in PROM mode. 



How to Program the Security Bit 

1) Set the PROM mode. 

2) Set the security pin (Port34) to "1 ". 

3) Set the programming address to "OOOOOOH". 

4) Set programming data to "FEH". 
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4. Electrical Characteristics 



4.1 Absolute Maximum 



oyiiiuui 


raraiiictci 


Rstiny 


Unit 


Vcc 


Power Supply Voltage 


-0.5 ~ 6.5 


V 


V IN 


Input Voltage 


-0.5 ~ Vgc + 0.5 


V 


ZIOL 


Output Current (total) 


100 


mA 


IIOH 


Output Current (total) 


-100 


mA 


PD 


Power Dissipation (Ta = 70°C) 


500 


mW 


T SOLDER 


Soldering Temperature (10s) 


260 


°C 


TSTG 


Storage Temperature 


-65-150 


°C 


TOPR 


Operating Temperature 


-40-85 


°C 
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4.2 DC Characteristics 

Vcc = 5V ± 10%, TA = -40 - 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 - 20MHz) 
(Typical values are for Ta = 25°C and V^c = 5V) 



Symbol 


Parameter 


MIn 


Max 


Unit 


Test Condition 


VIL 


Input Low Voltage (ADO-15) 


-0.3 


0.8 


V 




VIL1 


P2. P3, P4, P5, P6, P7, P8, P9 


-0.3 


O.SVcc 


V 




VIL2 


RESET. NMI, INTO (P87) 


-0.3 


0.25Vcc 


V 




VIL3 


EA 


-0.3 


0.3 


V 




VIL4 


X1 


-0.3 


0.2Vcc 


V 




VIH 


Input High Voltage (ADO-15) 


2.2 


Vcc + 0.3 


V 


.......... — — ,. — 


VIH1 


P2, P3, P4, P5, P6, P7, PS, P9 


0.7Vcc 


Vcc + 0.3 


V 




VIH2 


RESET, NMI, INTO (PBZ) 


0.75Vcc 


Vcc + 0.3 


V 




V IH3 


EA 


V -0 3 


V +0 3 


V 




V IH4 


XI 


n 8V 


V +0 ^ 
Vcc + ^■'^ 


V 




V OL 


Diitniit 1 nw Vnltflnp 




0.45 


V 


1 01 - 1 fimA 


VOH 


Output High Voltage 


2.4 




V 


IOH = -400mA 


V0H1 




0.75Vcc 




V 


IOH = -100mA 


V0H2 




0.9Vcc 




V 


I0H= -20mA 


IDAR 


Darlington Drive Current 
(8 Output Pins max.) 


-1.0 


-3.5 


mA 


„„. 

REXT = 1.1KQ 


ILi 


Input Leakage Current 


0.02 (Typ) 


+5 


ma 


0.0<Vin<Vcc 


ILO 


Output Leakage Current 


0.05 (Typ) 


±10 


mA 


0.2<Vin<Vcc-0.2 


' cc 


Operating Current (RUN) 
IDLE 

STOP(Ta = -20~70°C) 
STOP (Ta = ~ 50°C) 


30 (Typ) 
2.0 (Typ) 
0.2 (Typ) 


60 
10 
50 
10 


mA 
mA 

mA 
mA 


fc = 20MHz 

0.2<Vin<Vcc-0.2 
0.2<Vjn<Vcc-0.2 


VSTOP 


Power Down Voltage 
(@STOP.RAM Backup) 


2.0 


6.0 


V 


V!L2 = 0.2Vcc, 
VIH2 = 0.8Vcc 


RRST 


RESET Pull Up Register 


50 


.iso 


KQ 




CIO 


Pin Capacitance 




10 


PF 


fc = 1MHz 


VTH 


Schmitt Width 


0.4 


1.0 (Typ) 


V 




RESET, NMI, INTO (P87) 




RK " " " 


Pull Down/Up Register 


50 


150 


KQ 





Note: l-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics 

Vcc = 5V±10%TA = -40 ~ 85°C (4 - 16MHz) TA = -20 ~ 70°C (4MHz 20MHz) 



No. 


Symbol 


Parameter 


Variable 


16IVIHZ 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


fesc 


Osc. Period {= x) 


50 


250 


62.5 




50 




ns 


2 


tCLK 


CLK width 


2X-40 




85 




60 




ns 


3 


^AK 


A0-23Valid^CLKHold 


0.5X-20 




11 




5 




ns 


4 


^KA 


CLKValid-^AO-23 Hold 


1.5X-70 




24 




5 




ns 


5 


tAL 


A0-15Valid-^ALE fall 


0.5X-15 




16 




10 




ns 


6 


tLA 


ALE fall-^A0-15Hold 


0.5X-15 




16 




10 




ns 


7 




ALE High width 


x-40 




23 




10 




ns 


8 


tic 


ALE falURD/WRfall 


0.5X-30 




1 




-5 




ns 


9 


tcL 


RD/WRrise-^ALE rise 


0.5X-20 




11 




5 




ns 


10 


kci 


A0-15Valid-^RD/WRfall 


x-25 




38 




25 




ns 


11 


kcH 


A0-23Valid-^RD/WRfall 


1.5X-50 




44 




25 




ns 


12 


tcA 


RD/WRrise^AO-23 Hold 


0.5X-20 




11 




5 




ns 


13 


Udl 


A0-15Valid-^D0-15input 




3.0X-55 




133 




95 


ns 


14 




A0-23Valid^D0-15input 




3.5X-65 




154 




110 


ns 


15 


^RD 


RDfall->DO- 15 input 




2.0X-50 




75 




50 


ns 


16 


tRR 


RDLow width 


2.0X-40 




85 




60 




ns 


17 


^HR 


RDrise->D0-15Hold 

















ns 


18 


^RAE 


RDrise^AO- 15 output 


x-15 




48 




35 




ns 


19 


tww 


WR Low width 


2.0X-40 




85 




60 




ns 


20 


tow 


D0-15Valid-^WR rise 


2.0X-50 




75 




50 




ns 


21 




WRrise^DO-ISHold 


0.5X-10 




21 




15 




ns 


22 


Ueh 


AO - 23 Valid->WAIT input (1WAIT + n mode) 




3.5X-90 




129 




85 


ns 


23 




AO - 15 Valid-^WATf input (1WAIT + n mode) 




3.0X-80 




108 




70 


ns 


24 


tw 


RD/WR falUWAlT Hold (1 WAIT + n mode) 


2.0X + 




125 




100 




ns 


25 


Uph 


A0-23Valid^PORTinput 




2.5X-120 




36 




5 


ns 


26 


UpH2 


A0-23Valid->PORT Hold 


2.5X + 50 




206 




175 




ns 


27 


kp 


WRrise-^PORT Valid 




200 




200 




200 


ns 


28 


USRH 


A0-23Valid->RASfall 


I.Ox-40 




23 




10 




ns 


29 


USRL 


A0-15Valid^RASfall 


0.5X-15 




16 




10 




ns 


30 


tfiAC 


RASfall->DO- 15 input 




2.5X-70 




130 




86 


ns 


31 


^RAH 


RASfall->A0-15Hold 


0.5X-15 




16 




10 




ns 


32 


tRAS 


RASLow width 


2.0X-40 




85 




60 




ns 


33 


^RP 


RASHigh width 


2.0X-40 




85 




60 




ns 


34 


^RSH 


CAS fall-»RAS rise 


I.Ox-35 




28 




15 




ns 


35 


^RSC 


RAS rise->CAS rise 


0.5X-25 




6 









ns 


36 


tpCD 


RASfall->CASfall 


I.Ox-40 




23 




10 




ns 


37 


kkC 


CAS fall->DO- 15 input 




1.5X-65 




29 




10 


ns 


38 


tCAS 


CAS Low width 


1.5X-30 




64 




40 




ns 



*tADL value is different from TMP96C141 ArMP96CM40. 
AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V CL50pF 

(However CL = lOOpF for ADO ~ AD15, ADO ~ AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO ~ CAS2) 

• Input Level: High 2.4V /Low 0.45V (ADO ~ AD15) 

HighO.SVcc /Low 0.2Vgc (Except for ADO ~ AD15) 
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(1) Read Cycle 



XI 



CLK 



AO-23 



CSO-2 



J/' 



WAIT 



Port Input 



RAS 



CAS0~2 



RD 



ADO- 15 



ALE 



-tosc" 



^AK- 



•^ASRH" 



■^ACH 



< 



"^AWH" 
"tAWL" 



3t 



"^APH— 
-tAPHZ- 



tASRLl 



r^RAH: 



^RCD" 
"tADH- 



— * 



Id 



"^KA~ 



AO-15 



^AL-*r 



-tLL- 



^LA- 



■^RSH" 
■^RAS" 



-tRAC- 



■-tCAC- 



■^CAS-" 



"tRR- 



-tRD" 
"tADL"" 



tRSC 



K 
r 



^tcA-r- 



tHR 



>-{ 1 ^r" 



*-tcL- 



-tRp- 



tRAE- 
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(2) Write Cycle 



XI 



CLK 



AO-23 



CSO-2 



R/W 



WAIT 



Port Output 



RAS 



CASO-2 



WR, HWR 



AD0~15 



ALE 



X 



X 



-< 



AO 



3[ 



X 



K 



-twW" 



DO- 15 



X 



X 



J 
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4.4 A/D Conversion Characteristics 

= 5V±10%, TA = -40 - 85°C (4 ~ 16MHz) TA = -20 - 70°C (4 ~ 20MHz) 



Symbol 


Parameter 


MIn 


Typ 


Max 


Unit 


Vref 


Analog reference voltage 


Vcc-1.5 


Vcc 


Vcc 


V 


Agnd 


Analog reference voltage 


Vss 


Vss 


Vss 


Vain 


Analog input voltage range 


Vss 




Vcc 


Iref 


AnaJog current for analog reference voltage 




0.5 


1.5 


mA 


Error 
(Quantize error of 
ifl.5 LSB not included) 


4<fc<16MHz 


Low change mode 




±1.5 


i4.0 


LSB 


High change mode 




i3.0 


16.0 


16 <fc< 20MHz 


Low change mode 




±1.5 


±4.0 


High change mode 




±4.0 


18.0 



4.5 Serial Channel Timing - I/O Interface Mode 

Vcc = 6V±10%, TA = -40 ~ 85°C (4 - 16MHz) TA = -20 ~ 70°C (4 - 20MHz) 

(1) SCLK Input Mode 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


^SCY 


SCLK cycle 


16x 




1 




0.8 




MS 


toss 


Output Data->rising edge of SCLK 


tscY/2-5x-50 




137 




100 




ns 


^GHS 


SCLK rising edge^ output data hold 


5X-100 




212 




150 




ns 


^HSR 


SCLK rising edge-^input data hold 

















ns 


tsRD 


SCLK rising edge-^effective data input 




tscY-5x-100 




587 




450 


ns 


Vcc = 5V±10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 - 20MHz) 

(2) SCLK Output Mode 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tsCY 


SCLK cycle (programmable) 


16x 


8192X 


1 


512 


0.8 


409.6 


MS 


toss 


Output Data-Arising edge of SCLK 


tscY-2x-150 




725 




550 




ns 


toHS 


SCLK rising edge^output data hold 


2X-80 




45 




20 




ns 


^HSR 


SCLK rising edge-^input data hold 

















ns 


tSRD 


SCLK rising edge->effective data input 




tscY-2x-150 




725 




550 


ns 


4.6 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7) 

Vcc = 5V±10%, TA = -40 ~ 85°C (4 - 16MHz) TA = -20 - 70°C (4 ~ 20MHz) 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 




Clock cycle 


8X + 100 




600 




500 




ns 


WCKL 


Low level clock pulse width 


4x + 40 




290 




240 




ns 


tvCKH 


High level clock pulse width 


4X + 40 




290 




240 




ns 
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4.7 Interrupt Operation 

Vcc = 5V±10%, TA = -40 ~ 85°C (4 - 16MHz) TA = -20 - 70°C (4 - 20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tiNTAL 


NMI, into Low level pulse width 


4x 




250 




200 




ns 


tiNTAH 


NMi. INTO High level pulse width 


4x 




250 




200 




ns 


tiNTBL 


INT4 ~ INT7 Low level pulse width 


8X + 100 




600 




500 




ns 


tiNTBH 


INT4~INT7High level pulse width 


8X + 100 




600 




500 




ns 
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4.8 Timing Chart for I/O Interface Mode 



CLK 



"1 I — L 



J 1 I I I L 



OUTPUT DATA 
TxD 



INPUT DATA 
RxD 




" X VALID X X ^/ALID X X VALID X X VALID ) C 
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4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 



(Note 1) 



ADO-API 5. A0-A23. 
C$0~ C S2. R/W , RAS, 
CAS0~CAS2 



RD, WR, HWR 




Symbol 


Parameter 


Variable 


16IVIHZ 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


^BRC 


BUSRQ setup time for CLK 


120 




120 




120 




ns 


tCBAL 


CLK->BUSAK falling edge 




1.5X + 120 




214 




195 


ns 


tcBAH 


CLK-^BUSAK rising edge 




0.5X + 40 




71 




65 


ns 


Uba 


Output buffer is off to BUSAK { 





80 





80 





80 


ns 


tBAA 


BUSAK 1 output buffer is on. 





80 





80 





80 


ns 



Note 1 : The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to "0" during "Wait" cycle. 
Note 2: This line only shows the output buffer is off-state. 
They don't indicate the signal level is fixed. 

After the bus is released, the signal level is kept dynamically before the bus is released by the external capacitance. 

Therefore, to fix the signal level by an external resistance under the bus is releasing, the design must be carefully because of the level fix will be 

delayed. 

The internal programmable pull-up/pull-up resistance is switched active/non-active by the internal signal. 
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4.10 Read Operation (PROM Mode) 

DC Characteristic, AC Characteristic TA = -40 - 85 C, Vgc = 5V±10% 



Symbol 


Parameter 


Condition 


Min 


Max 


Unit 


Vpp 


Vpp Read Voltage 




4.5 


5.5 


V 


Vhi 


Input High Voltage (AO ~ A16, CE, OE, PGM) 




0.7xVcc 


Vcc + 0.3 


V 


V|L1 


Input Low Voltage (AO ~ A16, CE, OE. PGM) 




-3.0 


0.3xVcc 


V 


Ucc 


Address to Output Delay 


CL = 50pF 




2.25TGYC + a 


ns 



TCYC = 400ns (1 OMHz Clock) 
a = 200ns 



4.11 Programming Read Operation (PROM Mode) 

DC Characteristic, AC Characteristic TA = 25±5 C, V^c = 6.25V±0.25V 



Symbol 


Parameter 


Condition 


Min 


Typ 


Max 


Unit 


Vpp 


Programming Supply Voltage 




12.50 


12.75 


12.75 


V 


Vh 


Input Higti Voltage (DO ~ D7) 




0.2Vcc + 1.1 




Vcc + 0.3 


V 


V|L 


Input Low Voltage (D0~D7) 




-0.3 




0.2VCC-0.1 


V 


Vhi 


Input Higti Voltage (AO ~ A16. CE, OE, PGM) 




O.ZVcc 




Vcc + 0.3 


V 


V|L1 


Input Low Voltage (AO ~ A16, CE, OE, PGM) 




-3.0 




0.3Vcc 


V 


'cc 


Vcc Supply Current 


fc = 10MHz 






50 


mA 


Ipp 


Vpp Supply Current 


Vpp = 13.00V 






50 


mA 




PGM Program Pulse Width 


Cl = 50pF 


0.095 


0.1 


0.105 


ms 
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4.12 Read Operation Tinning Chart (PROM Mode) 



A0-A16 



CE 



X 



wmwm 



///////////////m 



OE 



wmwmw 



/////////////////////^ 



PGM ^' 



w///////////// / 



tACC 



DATA OUTPUT 



4.13 Programming Operation Timing Chart (PROM Mode] 



A0-A16 



X 



X 



CE 



\\\m\\\\\\ 



/////////////A 



X 



QO-wD? UNKNOwir"y — ^ DATA IN STABLE ^ 



DATA OUT VALID 



PGM 



Note 

1 . The power supply of Vpp (1 2.75V) must be set power -on at the same time or the later time for a power supply of Vcc and must be clear power-on at 
the same time or early time for a power supply of Vcc- 

2. The pulling up/down device on condition of Vpp = 1 2.75V suffer a damage for the device. 

3. The maximum spec of Vpp pin is 1 4.0V. Be careful a overshoot at the program writing. 
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4.14 Typical Characteristics 



Vcc (V) 
6 



lcc(mA) 
30 " 



Figure 5.1 Vcc -fosc TYPICAL CURVE 



fosc(MHz) 



lcc(mA) 
40 

























fosc = 20MH 












fosc=10MH 










fosc = *IVIHz 

1 













Figure 5.3 kc- Vcc TYPICAL CURVE 




5 10 15 20 25 

Figure 5.2 fosc - Icc TYPICAL CURVE ^^^"^ ^^^^^ 



Vout(V) 




1 2 3 4 5 Vout(V) loH(mA) 

Figure 5.4 Vqut - lOL TYPICAL CURVE Figure 5.5 Vqut - loH TYPICAL CURVE 
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5. Differences Between TMP96C141 AF, 
TMP96CM40F, and TMP96PM40F 



The devices TMP96C141 AF, TMP96CM40F, and 
TMP96PM40F have much the same function, but they are dif- 
ferent from following points. 



Parameter 


TMP96C141AF 


TMP96CM40F 


TMP96PM40F 


Internal ROM 


Does not exist 


Mask ROM 32K-byte 


PROM 32K-byte 


POO to P07, ADO to ADZ 


Does not exist 


After reset POO to P07 


PlOto P17. AD8toAD15.A8toA15 


Only ADS to AD1 5 


After reset P10to P17 


P30,RD 


OnlyRD 


After reset P30 


P31,WR 


OnlyWR 


After reset P31 
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TMP96C031N 
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CMOS 16-bit Microcontrollers 
TMP96C031 N/rMP96C031 F 

1 . Outline and Device Characteristics 

The TMP96C031 are high-speed advanced 16-bit microcon- 
trollers developed for controlling medium to large-scale equip- 
ment. TMP96C031 N comes in a 64-pin shrink DIP; the 
TMP96C031 F, in a 64-pin flat package. 

(1) Original 16-bit CPU 

• TLCS-90 instruction mnemonic upward compatible. 

• 16M-byte linear address space 

• General-purpose registers and register bank system 

• 16-bit multiplication/division and bit transfer/arithmetic 
instructions 

• High-speed micro DMA 

- 4 channels (1 .6fis/2 bytes @ 20MHz) 

(2) Minimum instruction execution time 

- 200ns @ 20MHz 



(3) External memory expansion 

• Can be expanded up to 16M-bytes (for both programs and 
data). _ 

• Extemal data bus width selection pin (AM8/1 6) 

• Can mix 8- and 1 6-bit extemal data buses. 

"Dynamic data bus sizing 

(4) 8-bit timer: 2 channels 

(5) 16-bit timer: 2 channels 

(6) Pattern generator: 4 bits, 2 channels 

(7) Serial interface: 2 channels 

(8) 8-bit A/D converter: 4 channels 

(9) DRAM controller 

(10) Watchdog timer 

(11) Chip select/wait controller: 4 blocks 

(12) Interrupt functions 

• 3 CPU interrupts SWI instruction, privileged violation, 

and Illegal instruction 

• 12 intemal interrupts 

• 9 external interrupts 

(13) I/O ports: 37 pins 

(14) Standby function : 3 HALT modes (RUN, IDLE, STOP) 



^ 7-level priority can be set. 
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(ANO/INTO) P50- 
(AN1/INT1)P51- 
{AN2/INT2) P52- 
(AN3/INT3) P53- 
VREF- 



(TXD1)P74- 
(RXD1)P75- 
(SCLK1)P76- 

(TXDO/PGOO) P60 - 
(RXD0/PG01)P61 - 
(CTS0/PG02) P62 - 



(PGOO/TXDO) P60 ' 
(PG01/RXD0) P61 ■ 
(PG02/CTS0) P62 - 
(RFSH/PG03) P63 - 
(PG10) P64 - 
(PG11)P65 - 
( PG12/INT6 ) P66 - 
{PG13/WDTOUT)P67 - 



(TI0/WAIT)P31 • 
{TO1)P70 ■ 



(T03/DMUX)P71 • 



(T04 ) P71 - 

(TO5/HWR)P30 - 

(TI4/INT4) P72 - 

(TI5/INT5) P73 - 

(^/CS3) P43 • 
(RAS/ INT7) P35 • 
(DMUX/T03)P71 ■ 
(PG03/RFSH) P63 ■ 



8-BIT 4CH 
A/D 
CONVERTER 



SERIAL I/O 
(CH.O) 



SERIAL I/O 
(CHI) 



PATTERN 
GENERATOR 
(CH.O) 



PATTERN 
GENERATOR 
(CH.1) 



8-BIT TIMER 
(TIMER 0) 



8-BIT TIMER 
(TIMER 1) 



8-BIT TIMER 
(TIMER 2) 



8-BIT TIMER 
(TIMER 3) 



16-BIT TIMER 
(TIMER 4) 



ORAM 
CONTROL 




INTERRUPT 
CONTROLLER 



WATCH-DOG 
TIMER 



CS/WAIT 
CONTROLLER 
(4-BLOCK) 



- VCC 

- VSS 



- AM8/1 6 
-RESET 
- ALE 



■ (WDT0UT/PG13) 



■ AD0~AD7 

•WR 

-RD 



•AD15~AD8/A15~A8 



-P20~P27 
(A16~A23) 



>P30( HWR/ TO5) 
-P31 (WAIT/T I0) 
' P32( BUSRQ) 
P33(BD5AK) 
•P34(R/W/NMI) 
-P35(RAS/INT7) 



P40(CS6) 
-4^P41(esT) 
P42(CS2) 
-4^P43(C§3/CAS) 



Block Diagram 



Figure 1. TMP96C031F Block Diagram 
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2. Pin Assignment and Functions 



2.1 Pin Assignment 

Figure 2.1 shows pin assignment of TMP96C031 N. 



vrefII 

(AN0/INT0)P50y2 
{AN1/INT1)P51 
(AN2/INT2)P52C 
(AN3/INT3)P53[I 5 
{PGO0/TxD0)P60C 6 
(PG01/RxD0)P6lC 
(PG02 /rrS6 )P62 
(PG03/RFSR)P63 
{PG10)P64lI 
(PGlDPesC 
(PG12/INT6)P66[I 
{PG13/WDTOUT)P67lI 
RESTTL 
{A16)P20lI 
(A17)P2lCI 
(A18)P22CI 
(A19)P23[I 
(A20)P24C: 
(A21)P25[I20 
(A22)P26[I 21 
(A23)P27y22 
ADO 
AD1 
AD2 
AD3 
AD4CI 
ADSC: 
AD6l 
AD7CI 
ALE 
VSS 




□ VCC 

□ P43(CS3/^) 

□ P42(C52) 

□ P41(esT) 

□ P40(C:S0) 

□ P35(Ra5/INT7) 

□ P34( R/W/FIm T) 

□ P33( BUSAK ) 

□ P32(BU SRQ) 

□ P31(TI0/ WAIT) 

□ P30{TO5/nWR) 

□ P76(SCLK1) 

□ P75(RxD1) 

□ P74{TxD1) 

□ P73{INT5n-|5) 

□ P72(INT4 /TI4) 

□ P71(T03/DiVlTW) 

□ P70(TO1/TO4) 

□ WR 

□ ^5 

□ CLK 

□ AD15(A15) 

□ AD14{A14) 

□ AD13{A13) 

□ AD12(A12) 

□ ADII(An) 

□ AD10{A10) 

□ AD9(A9) 

□ AD8{A8) 

□ AM8/T5 

□ X2 

□ Xl 



Figure 2.1 (1). Pin Assignment (64-SDIP) 

Figure 2.1 (2) shows pin assignment of TMP96C031F 



1^ K ^ 



< < < < < 



loe IQ -J O Q O O O 
1$ loe u < < < < < 



(RAV/NMl) P34 1 II 


52 


(RAS/INT7) P35 1 II 


53 


(CSO) P40 1 II 


54 


(CST) P41 CUE 


55 


(CS2) P42 1 TT 


56 


(CS3/CAS) P43 1 nr 


57 


VCC 1 rr 


58 


VREF 1 II 


59 


(ANO/INTO) P50 r TT 


60 


(AN1/INT1)P51 1 H 


61 


(AN2/INT2) P52 1 TT 


62 


(AN3/INT3) PS3 CUE 


63 


(PGOO/TxDO) P60 1 11 


64 







51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 



Top View 
QFP64 



<r> o — I 
< < < ' 



Jl 1 AD10(A10) 

AD9(A9) 
ADS (A8) 
inZDAM8/T6 
71 1X2 
XI 



2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 



B ~n I VSS 
5 n I ALE 
4 I 11 , J AD7 

3ad6 

3 ADS 
1 I II IAD4 
20 n IaD3 



Figure 2.1 (2). Pin Assignment (64QFP) 
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2.2 Pin Names and Functions 

The names of input/output pins and their functions are described below. 



Table 2.2. Pin Names and Functions 



Pin Name 


Number 
of Pins 


I/O 


Functions 


ADO- ADZ 


8 


Tri-state 


Address/data (lower): - 7 for address/data bus 


AD8-AD15 
A8-A15 


8 


Tri-state 
Output 


Address data (upper): 8 - 15 for address/data bus 
Address: 8 to 15 for address bus 


P20 ~ P27 

A0~A7 

A16~A23 


8 


I/O 
Output 
Output 


Port 2: I/O port tfiat allows selection of I/O on a bit basis (witli pull-down resistor) 
Address: - 7 for address bus 
Address: 16-23 for address bus 


P30 
T05 
HWR 




I/O 
Output 
Output 


Port 30: Output port (witfi pull-up register) 

Timer output 5: Timer 4 output pin 

High write: Strobe signal for writing data on pins AD8 - 15 


P31 
TIO 
WAIT 


■ 


I/O 
Output 
Output 


Port 31 : Output port (with pull-up register) 

Timer output 0: Timer input 

Write: Pin used to request CPU bus wait 


P32 
BUSRQ 




I/O 
Input 


Port 32: I/O port (with pull-up register) 

Bus request: Signal used to request high impedance for ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, 
CS1, and CS2 pins. (For external DMAC) 


P33 
BUSAK 


1 


I/O 
Input 


Port 33: I/O port (with pull-up register) 

Bus acknowledge: Strobe indicating that ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, CS1, and CS2 
pins are at high impedance after receiving BUSRQ. 


P34 
R/W 
NMI 




I/O 
Output 
Input 


Port 34: I/O (with pull-up register) 

Read/write: 1 represents read or dummy cycle 0, write cycle. 

Non-maskable interrupt request pin; Interrupt request pin with falling edge. Can also be operated at rising 
edge by program. 


P35 
RAS 
INT7 


1 


I/O 
Output 
Input 


Port 35: I/O (with pull-up register) 

Row address strobe: Outputs RAS strobe for DRAM. 

Interrupt request pin 7: Interrupt request pin with rising edge. 


P40 
CSO 




Output 
Output 


Port 40: I/O port 

Chip select 0: Outputs when address is within specified address area. 


P41 
CS1 




Output 
Output 


Port 41: Output port 

Chip select 1 : Outputs if address is within specified address area. 


P42 
CS2 




Output 
Output 


Port 42: Output port 

Chip select 2: Outputs if address is within specified address area. 


P43 
CS3 
CAS 


' 


Output 
Output 
Output 


Port 43: Output port 

Chip select 3: Outputs if address jswithin specified address area. 

Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 


P50~P53 
ANO - AN3 
INT1 ~ INT3 


4 


Input 
Input 
Input 


Port 50 -53: Input port 

Analog input: Input to A/D converter 

Interrupt request pin 0: Interrupt request pin with programmable level/rising edge. 
Interrupt request pin 1: Interrupt request pin with programmable rising/falling edge. 
Interrupt request pin 2-3: Interrupt request pin with rising edge. 


P60 

TxDO 

PGOO 


1 


I/O 
Output 
Output 


Port 60: I/O port 
Serial send data 
Pattern generator port 00 


P61 

RxDO 

PG01 


1 


I/O 
Output 
Output 


Port 61: I/O port 
Serial receive data 
Pattern generator port 01 



Note: The internal i/0 of this device cannot be accessed using the external DMA controller. 
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Pin Name 


Number 
of Pins 


I/O 


Functions 


P62 

CTSO 

PG02 


, 


I/O 
Output 
Output 


Port 62: I/O port 

Serial data send enable (Clear to Send) 
Pattern generator port 02 


P63 

RFSH 

PG03 




I/O 
Output 
Output 


Port 63: I/O port 

Refresh out: This is a state signal output pin which indicates that the DRAM controller is in refresh cycle. 
Pattern generator port 03 


P64 
PG10 




I/O 
Output 


Port 64: I/O port 
Pattern generator port 10 


P65 
PG11 




I/O 
Output 


Port 65: I/O port 
Pattern generator port 11 


P66 
INT6 
PG12 




I/O 
Input 
Output 


Port 66: I/O port 

Interrupt request pin 6: Interrupt request pin with rising edge. 
Pattern generator port 12 


P67 




I/O 
Output 
Output 


Port 71: I/O port 
Watchdog timer output pin 
Pattern generator port 13 


WDTOUT 
P613 


P70 
T01 
T04 




I/O 
Output 
Output 


Port 70: I/O port 

Timer output 1 : Timer or 1 output pin 
Timer output 4: Timer 4 output pin 


P71 
T03 
DMUX 




I/O 
Output 
Output 


Port 71: I/O port 

Timer output 3: Timer 2 or Timer 3 output pin 

DRAM address multiplexor: This pin outputs row address, column address, and selector select signal. 


P72 
INT4 
TI4 




I/O 
Input 
Input 


Port 72: I/O port 

Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge. 
Timer input 4: Timer 4 count/capture trigger signal input 


P73 
INT5 
TI5 


' 


I/O 
Input 
Input 


Port 73: I/O port 

Interrupt request pin 5: Interrupt request pin with programmable rising edge. 
Timer input 5: Timer 4 count/capture trigger signal input 


P74 
TxD1 


1 


I/O 


Port 74: I/O port 

^priiil <^pnd rl?it3 1 


P75 
RxD1 




I/O 
Input 


Port 75: I/O port 
Serial receive data 1 


P76 
SCLK1 


1 


I/O 
I/O 


Port 76: I/O port 
Serial clock I/0 1 


CLK 


1 


Output 


Clock output: Outputs PCU 4 J clock. Pulled-up during reset. 


RD 




Output 


Read: Strobe signal for reading external memory. 


WR 




Output 


Write: Strobe signal for writing data on pins ADO - 7. 


AM8/T6 




Input 


Address mode: External data bus width selection pin. Set to "0" for fixed external 16-bit bus or for mixed 
external 8/16 bit bus and to "1" for fixed external 8-bit bus. 


RESET 




Input 


Reset: Initializes LSI. (With pull-up resistor) 


ALE 




Output 


Address latch enable 


X1/X2 




I/O 


Oscillator connecting pin 


VCC 






Power supply pin (-5V) 


VSS 






GNDpin(OV) 



Note: Pull-up/pull-down resistor can be released from the pin by software. 
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3. Operation 

This section describes in blocks the functions and basic opera- 
tions of the TMP96C031 F device. 

Check the chapter Guidelines and Restrictions for proper 
care of the device. 

3.1 CPU 

The TMP96C031 F device has a built-in high-perfornnance 1 6- 
bit CPU. (For CPU operation, see TLCS-900 CPU in the book 
Core Manual Architecture User Manual.) 

This section describes CPU functions unique to 
TMP96C031 F that are not described in the previous section. 

3.1.1 Reset 

To reset the TMP96C031 F, the RESET input must be kept at 
for at least 1 systenri clocks (1 states: 1 us with a 20MHz 
system clock) within an operating voltage range and with a sta- 
ble oscillation. 

When reset is accepted, the CPU sets as follows: 

• Program counter (PC) to 8000H. 

• Stack pointer p(SP) for system mode to 1 0OH. 

• SYSM bit of status register (SR) to 1 . (Sets to system mode.) 

• IFF2 to bits of status register to 111 . (Sets mask register to 
interrupt level 7.) 

• MAX bit of status register to 0. (Sets to minimum mode.) 

• Bits RFP2 to of status register to 000. (Sets register banks 
to 0.) 

When reset is released, instruction execution starts from 
address 8000H. CPU internal registers other than the above 
are not changed. 

When reset is accepted, processing for built-in l/Os, 
ports, and other pins is as follows: 



• Initializes built-in I/O registers as per specifications. 

• Sets port pins (including pins also used as built-in l/Os) to 
general-purpose input/output port mode (sets I/O ports to 
input ports). 

• Sets the WDTOUT pin to 0. (Watchdog timer is set to enable 
after reset.) 

• Pulls up the CLK pin to 1 . 

• Sets the ALE pin to 0. 

3.1.2 External Data Bus Width Selection Pin (AM8/16) 

The TMP96C031 F automatically operates in 8-bit bus/1 6-bit 
bus mode after reset depending on how the AM8/1 6 pin is set, 
The TMP96C031 F have altogether the following 23 inter- 
rupt sources: 

• For mixed external 8/1 6-bit data bus or fixed 1 6-bit data bus 

Set this pin to "0". Then the AD8 to 1 5/A8 to 1 5 pins are 
fixed to functions AD8 to 1 5. 

The external data bus width is set by the chip select/wait 
control register described in section 3.6.1 . 

• For fixed external 8-bit data bus 

Set this pin to "1 Then the AD8 to 1 5/A8 to 1 5 pins are 

fixed to functions A8 to 1 5. 

The value of chip select/wait control register bit 4 
(<BOBUS>, <B1BUS>, <B2BUS>, <B3BUS>) described in 
Section 3.6.1 is ignored and the bus is fixed external 8-bit data 
bus. 
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3.2 Memory Map 

Figure 3.2 is a memory map of the TMP96C031 R 



OOOOOOH 
000080H 



008000H 



FFFFFFH 



Direct 
area (n) 

t 



64K-Byte area 
(nn) 



16M-Bytearea 
(R) 
(-R) 
(R + ) 

(R + R8/16) 
(R + d8/16) 
(nnn) 



( [ ; I s Internal area) 



Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the systenn mode side to 1 0OH. 

Figure 3.2. Memory Map 
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3.3 interrupts TMP96C031 F have altogether the following 24 interrupt 

TLCS-900 interrupts are controlled by the CPU interrupt mask sources: 
flip-flop (IFF2 to 0) and the built-in interrupt controller. 



• Interrupts fronn the CPU- • -3 

(Software interrupts, privileged violations, and Illegal (undefined) instruction execution) 

• Interrupts from external pins (NMI, INTO, and INTO to 7)---9 

• Interrupts from built-in l/0s "12 
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A fixed individual interrupt vector number is assigned to 
each interrupt source; six levels of priority (variable) can also be 
assigned to each maskable interrupt. Non-maskable interrupts 
have a fixed priority of 7. 

When an interrupt is generated, the interrupt controller 
sends the value of the priority of the interrupt source to the 
CPU. When more than one interrupt is generated simulta- 
neously, the interrupt controller sends the value of the highest 
priority (7 for non-maskable interrupts is the highest) to the 
CPU. 

The CPU compares the value of the priority sent with the 
value in the CPU interrupt mask register (IFF2 to 0). If the value 
is greater than that of the CPU interrupt mask register, the 
interrupt is accepted. The value in the CPU interrupt mask reg- 
ister (IFF2 to 0) can be changed using the El instruction (con- 
tents of the El num/IFF <2:0> = num). For example, 
programming El 3 enables acceptance of maskable interrupts 



With a priority of 3 or greater, and non-maskable interrupts 
which are set in the interrupt controller. The Dl instruction (IFF 
<2:0> = 7) operates in the same way as the El 7 instruction. 
Since the priority values for maskable interrupts are to 6, the 
Dl instruction is used to disable maskable interrupts to be 
accepted. The El instruction becomes effective immediately 
after execution. (With the TLCS-90, the El instruction becomes 
effective after execution of the subsequent instruction.) 

In addition to the general-purpose interrupt processing 
mode described above, there is also a high-speed ^DMA pro- 
cessing mode. High-speed |iDMA is a mode used by the CPU 
to automatically transfer byte or word data. It enables the CPU 
to process interrupts such as data saves to built-in l/Os at high 
speed. 

Figure 3.3 (1) is a flowchart showing overall interrupt 
processing. 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



MCU900-249 



TMP96C031N/F 



TLCS-900 16-bit Microcontroller 



^Interrupt Processing^ 



Read Interrupt vector V. 
Clear interrupt request F/F. 



General-purpose 
interrupt processing 




YES 



PUSH PC 




PUSH SR 




SR<IFF2-0><- 


Accepted 




interruput 




level + 1 


SR<SYSM>*-1 





End 



Data transfer by 
mDMA 



COUNT*- COUNT -1 



(Notel) 



PC<-V + 8000H 






Interrupt processing 
program 




1 


RETI Instruction 
/ POP SR \ 
\POP PC / 












COUNT =0 

^O _J 



//DMA 
processing 



Notel : In read-only mode, 
always branches to NO 
without conditional 
branch. 



Figure 3.3 (1). Interrupt Processing Flowchart 
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3.3.1 General-Purpose Interrupt Processing 

When accepting an interrupt, the CPU operates as follows: 

(1 ) The CPU reads the interrupt vector from the interrupt 
controller. When more than one interrupt with the same 
level is generated simultaneously, the interrupt controller 
generates interrupt vectors in accordance with the 
default priority (which is fixed as follows: the smaller the 
vector value, the higher the priority), then clears the inter- 
rupt request. 

(2) The CPU pushes the program counter and the status 
register to the system stack area (area indicated by the 
system mode stack pointer). 

(3) The CPU sets a value in the CPU interrupt mask register 
<IFF2 to 0> that is higher by 1 than the value of the 
accepted interrupt level. However, if the value is 7, 7 is 
set without an increment. 

(4) The CPU sets the <SYSM> flag of the status register to 1 
and enters the system mode. 

(5) The CPU jumps to address 8000H + interrupt vector, 
then starts the interrupt processing routine. 



The table below shows the number of execution states 
for the above processing times. 



Bus Width of Stack Area 


Interrupt Processing State Number 


MAX mode 


Min mode 


8-bit 


23 


19 


16-bit 


17 


15 



To return to the main routine after completion of the inter- 
rupt processing, the RETI instruction is usually used. Executing 
this instruction restores the contents of the program counter 
and the status registers. 

Though acceptance of non-maskable interrupts cannot 
be disabled by program, acceptance of maskable interrupts 
can. A priority can be set for each source of maskable inter- 
rupts. The CPU accepts an interrupt request with a priority 
higher than the value in the CPU mask register <IFF2 to 0>. 
The CPU mask register <IFF2 to 0> is set to a value higher by 
1 than the priority of the accepted interrupt. Thus, if an inter- 
rupt with a level higher than the interrupt being processed is 
generated, the CPU accepts the interrupt with the higher level, 
causing interrupt processing to nest. The CPU does not 
accept an interrupt request of the same level as that of the 
interrupt being processed. 

Resetting initializes the CPU mask registers <IFF2 to 0> 
to 7; therefore, maskable interrupts are disabled. 

The addresses 008000H to 0081 FFH (51 2 bytes) of the 
TLCS-900 are assigned for interrupt processing entry area. 
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Table 3.3 (1) TMP96C031F Interrupt Table 



Default Priority 


Type 


interrupt Source 


Vector Value 

"11" 

V 


Start Address 


Hifih-Snpprl 

nil|ll «9|J66U 

Micro DiVIA 
Start to Vector 


1 




Reset 


, or SWIO instruction 


H 


8 H 


- 


2 




INTPREV: 


Privileged violation, or SWI1 


1 H 


8 1 H 


- 


3 




INTUNDEF: 


Illegal instruction, or SWI2 


2 H 


8 2 H 


- 


4 




SWI 3 Instruction 




3 H 


8 3 H 


- 


5 


Non- 
Maskable 


SWI 4 Instruction 




4 H 


8 4 H 


- 


6 


SWI 5 Instruction 




5 H 


8 5 H 


- 


7 




SWI 6 Instruction 




6 H 


8 6 H 


- 


8 




SWI 7 Instruction 




7 H 


8 7 H 


- 


9 




NMIPin 




8 H 


8 8 H 


08H 


10 




INTWD: 


Watctidog timer 


9 H 


8 9 H 


09H 


11 




INTO pin 




A H 


8 A H 


OAH 


12 




INT4 pin 




B H 


8 B H 


OBH 


13 




INT5 pin 




C H 


8 C H 


OCH 


14 




INT6pin 




D H 


8 D H 


ODH 


15 




INT7 pin 




E H 


8 E H 


OEH 


- 




(Reserved) 




F H 


8 F H 


OFH 


16 




INHO: 


8-bit timer 


1 H 


8 1 H 


10H 


17 




INHI: 


8-bit timer 1 


1 1 H 


8 1 1 H 


11H 


18 




INn2: 


8-bit timer 2/PWMO 


1 2 H 


8 1 2 H 


12H 


19 




INTT3: 


8-bit timer 3/PWM1 


1 3 H 


8 1 3 H 


13H 


20 


Maskable 


INnR4: 


16-bit timer 4 (TREG4) 


1 4 H 


8 1 4 H 


14H 


21 


INTTR5: 


16-bit timer 4 (TREG5) 


1 5 H 


8 1 5 H 


15H 


22 




(Reserved) 




1 6 H 


8 1 6 H 


16H 


23 




(Reserved) 




1 7 H 


8 1 7 H 


17H 


24 




INTRXO: 


Serial receive (Channel.O) 


1 8 H 


8 1 8 H 


18H 


25 




INHXO: 


Serial send (Channel.O) 


1 9 H 


8 1 9 H 


19H 


26 




INTRX1: 


Serial receive (Channel. 1) 


1 A H 


8 1 A H 


1AH 


27 




INTTX1: 


Serial send (Channel.1) 


1 B H 


8 1 B H 


1BH 


28 




INTAD: 


A/D conversion completion 


1 C H 


8 1 C H 


1CH 


29 




INT1 pin 




1 D H 


8 1 D H 


1DH 


30 




INT2 pin 




1 E H 


8 1 E H 


1EH 


31 




INT3 pin 




1 F H 


8 1 F H 


1FH 



3.3.2 High-Speed ^DMA 

In addition to the conventional interrupt processing, the TLCS- 
900 also has a high-speed [iDMA function. When an interrupt 
is accepted, in addition to an interrupt vector, the CPU receives 
data indicating whether processing is high-speed \iDW\A nnode 
or general-purpose interrupt. If high-speed ^DMA nnode is 
requested, the CPU performs high-speed |iDMA processing. 



The TLCS-900 can process at very high speed com- 
pared with the TLCS-90 \iDMA because it has transfer param- 
eters in dedicated registers in the CPU. Since those dedicated 
registers are assigned as CPU control registers, they can only 
be accessed by the LDC (privileged) instruction. 
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(1) High-Speed ^DMA Operation 

High-speed |liDMA operation starts when the accepted inter- 
rupt vector value matches the jiDMA start vector value set in 
the interrupt controller. The high-speed ^iDMA has four chan- 
nels so that it can be set for up to four types of interrupt 
source. 

When a high-speed p,DMA interrupt is accepted, data is 
automatically transferred from the transfer source address to 
the transfer destination address set in the control register, and 
the transfer counter is decremented. If the value in the counter 
after decrementing is other than 0, high-speed iiDMA process- 
ing is completed. If the value in the counter after decrementing 
is 0, general-purpose interrupt processing is performed. In 
read-only mode, which is provided for DRAM refresh, the value 
in the counter is ignored and dummy read is repeated. 

The 32-bit control registers are used for setting transfer 
source/destination addresses. However, the TLCS-900 has 
only 24 address pins for output. A 1 6M-byte space is available 
for the high-speed ^DMA. Also in normal mode operation, the 
all address space (in other words, the space for system mode 
which is set by the CS/WAIT controller) can be accessed by 
high-speed ^iDMA processing. 



There are two data transfer modes: one-byte mode and 
one-word mode. Incrementing, decrementing, and fixing the 
transfer source/destination address after transfer can be done 
in both modes. ITierefore data can easily be transferred 
between I/O and memory and between l/Os. For details of 
transfer modes, see the description of transfer mode registers. 

The transfer counter has 1 6-bit, so up to 65536 transfers 
(the maximum when the initial value of the transfer counter is 
OOOOH) can be performed for one interrupt source by high- 
speed M,DMA processing. 

After transferring data using the high-speed ^iDMA and 
the transfer counter has been decremented to 0, the program 
goes to a general-purpose interrupt processing. Note that after 
interrupt processing, when an interrupt for the same channel is 
generated, if the system requires resetting the transfer counter 
starts from 65536. 

The following section illustrates the high-speed ^iDMA 
cycle when the transfer destination address is in INC mode. 
(MIN mode, 1 6-bit bus for all address areas, wait). 

Interrupt sources processed by high-speed ^DMA pro- 
cessing are those with the high-speed ^iDMA start vectors 
listed in Table 3.3 (1). 



XI 
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High-speed //DMA cycle (COUNT =^ 0) 
(Notel) (Note2) 



(Notes) 



(Notes) 
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High-speed //DMA cycle (COUNT = 0) 

Note 1: If an 8-bit bus is used for the source address area, two states are Note 3: A dummy cycle may be generated depending on the instruction 

added. queue buffer states. 

Note 2: If an 8-bit bus is used for the destination address area, two states Note 4: If an 8-bit bus is used for the stack area, two states are added. 

are added. 
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(2) Register Configuration (CPU Control Register) 

ChannelO 

Transfer source address register T^^^^ ^^,y 24-bit.) 
Transfer destination address register 
Transfer counter register (1—65536) 
Transfer mode register 



Channell 
DMAS! 
DMAD1 

DMAC1 

DMAM1 

Channel2 
DMAS2 
DMAD2 

DMAC2 

DMAM2 

Channels 
DMAS3 
DMAD3 

DMAC3 

DMAM3 
|-e-8-bit-* 

16-bit *- 

^ 32-bit ^ 

Only the LDCcr.r instruction can set data in those control registers. 



DMASO 
DMADO 

DMACO 

DMAMO 



Transfer source address register 1 
Transfer destination address register 1 
Transfer counter register 1 
Transfer nnode register 1 



Transfer source address register 2 
Transfer destination address register 2 
Transfer counter register 2 
Transfer mode register 2 



Transfer source address register 3 
Transfer destination address register 3 
Transfer counter register 3 
Transfer mode register 3 
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(3) Transfer Mode Register Details 



(DMAM0~3) 






Mode 


1 1 1 


1 1 1 



Note : When specifying values for this 
register, set the upper 4-bit to 0. 



execution time (Min. 20MHz) 
^ — Z: = byte transfer, 1 = word transfer , 



z 


Transfer destination address INC mode for I/O to memory 
(DMADn + ) (DMASn) 
DMACn^DMACn - 1 
ifDMACn = Othen!NT. 


1 6 states 
(2//$@16MHz) 


1 z 


Transfer destination address DEC mode for I/O to memory 
(DMADn - ) <- (DMASn) 
DMACn^DMACn - 1 
if DMACn=Othen INT. 


16 states 
(2a<s@16MHz) 


1 z 


Transfer source address INC mode for I/O to memory 

(DMADn)*- (DMASn +) 
DMACn<-DMACn - 1 
if DMACn=Othen INT. 


16 states 
(2//S@16MHz) 


1 1 z 


Transfer source address DEC mode for I/O to memory 

(DMADn)*- (DMASn-) 
DMACn*-DMACn - 1 
ifDMACn=OthenlNT. 


16 states 
(2/.s(g16MHz) 


1 z 


Fixed address mode I/O to I/O 

(DMADn) <- (DMASn) 
DMACn<-DMACn - 1 
if DMACn=Othen INT. 


16 states 
(2//s@16MHz) 


10 11 


Counter mode for interrupt counter 

DMASn<-DMASn + 1 
DMACn*-DMACn - 1 
if DMACn = Othen INT. 


1 1 states 
(1.375^5 @16MHz) 



(1 states = lOOns) 



Execution time: When 1 6-blt bus width and wait are set for the transfer destination/source address. 

Note: n: corresponds to high-speed |xDMA channels - 3. 

DMADn +/DMASn + : Post-increment (Increments register value after transfer.) 
DMADn -/DMASn - : Post-decrement (Decrement register value after transfer.) 



All address space (the space for system mode) can be for transfer mode control, 
accessed by high-speed m.DMA. Do not use undefined codes 
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3.3.3 Interrupt Controller 

Figure 3.3.3 (1) is a blocl< diagram of the interrupt circuits. The 
left half of the diagram shows the interrupt controller; the right 
half includes the CPU interrupt request signal circuit and the 
HALT release signal circuit. 

Each interrupt channel (total of 20 channels) in the inter- 
rupt controller has an interrupt request flip-flop, interrupt prior- 
ity setting register, and a register for storing the high-speed 
micro DMA start vector. The interrupt request flip-flop is used 
to latch interrupt requests from peripheral devices. The flip-flop 
is cleared to at reset, when the CPU reads the interrupt 
channel vector after the acceptance of interrupt, or when the 
CPU executes an instruction that clears the interrupt of that 
channel (writes in the clear bit of the interrupt priority setting 
register). 

For example, to clear the INTO interrupt request, set the 
register after the Dl instruction as follows. 

INTEOAD< — Zero-clears the INTO Flip Flop. 

The status of the interrupt request flip-flop is detected by 
reading the clear bit. Detects whether there is an interrupt 
request for an interrupt channel. 

The interrupt priority can be set by writing the priority in 
the interrupt priority setting register (e.g., INTEOAD, INTE45, 
etc.) provided for each interrupt source. Interrupt levels to be 
set are from 1 to 6. Writing or 7 as the interrupt priority dis- 



ables the corresponding inter rupt request. The priority of the 
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed 
to 7. If interrupt requests with the same interrupt level are gen- 
erated simultaneously, interrupts are accepted in accordance 
with the default priority (the smaller the vector value, the higher 
the priority). 

The interrupt controller sends the interrupt request with 
the highest priority among the simultaneous interrupts and its 
vector address to the CPU. The CPU compares the priority 
value <IFF2 to 0> set in the Status Register by the interrupt 
request signal with the priority value sent; if the latter is higher, 
the interrupt is accepted. Then the CPU sets a value higher 
than the priority value by 1 in the CPU SR <IFF2 to 0>. Inter- 
rupt requests where the priority value equals or is higher than 
the set value are accepted simultaneously during the previous 
interrupt routine. When interrupt processing is completed (after 
execution of the RETI instruction), the CPU restores the priority 
value saved in the stack before the interrupt was generated to 
the CPU SR <IFF2 to 0>. 

The interrupt controller also has four registers used to 
store the high-speed other fiDMA start vector. These are I/O 
registers; unlike other DMA registers (DMAS, DMAD, DMAM, 
and DMAC), they can be accessed in either normal or system 
mode. Writing the start vector of the interrupt source for the 
M-DMA processing (see Table 3.3 (1)), enables the correspond- 
ing interrupt to be processed by ^iDMA processing. The values 
must be set in the jiDMA parameter registers (e.g., DMAS and 
DMAD) prior to the ^lDMA processing. 
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Interrupt controllef 




INT4 
INT5 
INT6 
INT7 

INTTO ■ 
INTT1 - 
INTT2 " 
INTT3 - 
INTTR4 - 
INTTR5 - 
INTTR6 ■ 
INTTR7 ■ 
INTRXO " 
IMTTXO ■ 
INTRXl ■ 
INTTX1 - 
INTAD " 



Int errupt req uest flip flop 



S Q 



Priori ty setting r egister Qecodei 



Interrupt request flip flop read 
Interrupt request clear On ♦ 3 
Interrupt request V read V-AOH 





V = BOH 




V = COH 


i 


V=DOH 


A 


V = EOH 


A 


V=100H 


A 


V=110H 


♦ 


V=120H 




V=130H 


A 


V=140H 


k 


V=150H 1 


A 


V=160H 


A 


V=170H 


A 


V=180H 


A 


V=190H t 


A 


V=1A0H fc 



2 Highest a 
priority 
interrupt 
4 level select C 



INTRQ2^0 



Interrupt 
vector read 

J' 




High-ipeed /t DMA channel 
priority encoder 
(Highest priority •> chO) 



Interrupt enable RESET 
fl ag on CPU si de | 



I 



/if INTRQ2~0!^IFF2--o\ 
I then 1. J 



Interrupt request 
Signal 




High-speed 
/I DMA request 



2 High-speed 

>> DMA channel 
Specification 



Figure 3.3.3 (1). Block Diagram of Interrupt Controller 
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(1) interrupt Priority Setting Register 



(Read-modtfy-write prohibited.) 





Add 


7 


• 6 i 5 


4 


3 


i 2 ! 1 









INT1 


INTO 


INTE01 


0070H 


lie 


■ I1M2 i I1M1 


i HMO 


IOC 


i I0M2 i I0M1 


i lOMO 


fVW 


W 




R/W 


W 











i i 


















INT3 


INT2 


INTE23 


0071 H 


I3C 


i I3M2 ; I3M1 


: I3M0 


I2C 


I2M2 : I2M1 


i I2M0 


R/W 


W 




R/W 


W 









i i 


















INT5 


INT4 


INTE45 


0072H 


ISC 


i I5M2 i I5M1 


; I5M0 


I4C 


I4M2 ; I4M1 


; I4M0 


R/W 


W 




R/W 


W 











: : 


















INT7 


INT6 


INTE67 


0073 H 


I7C 


j i7M2 ; I7M1 


; I7M0 


I6C 


I6M2 i I6M1 


; I6M0 




i ^ 




m/ 


W 











; ; 


















INTT1 (Timer 1) 


INTTO (Timer 0) 


INTET10 


0074H 


IT1C 


: IT1M2 i IT1M1 


i IT1M0 


ITOC 


IT0M2 : IT0M1 


i ITOMO 


R/W 


W 




RW 


W 











: : 


















INTT3 (Timer 3) 


INTT2 (Timer 2) 


INTET32 


0075H 


IT3C 


■: IT3M2 i IT3M1 


: IT3IV10 


IT2C 


IT2M2 : IT2M1 


IT2M0 


mj 


W 




R/W 


W 











: : 


















INTTR5 (TREG5) 


INTTR4 (TREG4) 


INTET54 


0076H 


IT5C 


: IT5M2 ; IT5M1 


IT5M0 


IT4C 


IT4M2 i IT4M1 


IT4M0 


mj 


W 




R/W 


W 









; ; 


















INTTXO 


INTRXO 


INTESO 


0077H 


ITXOC 


; \JX0M2 I ITX0M1 


ITXOMO 


IRXOC 


IRX0M2 ; IRX0M1 


IRXOMO 


R/W 


W 






W 









: ; 


















INTTX1 


INTRX1 


INTES1 


0078H 


ITX1C 


; ITX1M2 i ITX1M1 


ITX1M0 


IRX1C 


IRX1M2 i IRX1M1 


IRX1M0 


R/W 


j W 




R/W 


W 











; ; 








; 









INTAD 




INTEAD 


0079H 


lADC 


; IADM2 i IADM1 


lADMO 




RA/V 


W 













: : 








ixxM2 


IxxMI 


IxxMO 


Function (Write) 













Prohibits interrupt request. 










1 


Sets interrupt request level to "1". 







1 





Sets interrupt request level to "2" . 







1 


1 


Sets interrupt request level to "3". 




1 








Sets interrupt request level to "4" . 




1 





1 


Sets interrupt request level to "5" . 




1 


1 





Sets interrupt request level to "6". 




1 


1 


1 


Prohibits interrupt request. 




IxxC 


Function (Read) 


Function (Write) 





Indicates no interrupt request. 


Clears interrupt request flag. 


1 


Indicates interrupt request. 


Don't care 
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(2) External Interrupt Control 



IIMCO 
(007AH) 



Interrupt Input Mode Control Register 
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1 





bit Symbol 


I4IE 


I3IE 


I2IE 


HIE 


i HEM 


101 E 


lOLE 


NMIREE 


Read/Write 


W 


After reset 



























1: INT4 


1: INT3 


1: INT2 


1: INTl 


lO: INTl 


; 1: INTO 


0: INTO 


1 : Can be 


Function 


Input 
enable 


Input 
enable 


Input 
enable 


Input 
enable 


■rising 
ledge 
: 1:INT1 


Input 
ienable 


edge 
mode 
1: INTO 


operated 
inNMI 
rising 
edge. 












; falling 
iedge 




level 
mode 



Read-modify-write is 
prohibited. 



INTn Input enable 



INTn Input disable 



INTn Input enable 



The INTO pin can also be used for standby release as described later 
Even if the pin is not used for standby release, setting <IOIE> to 
"0" maintains the port function during standby mode. 



' NMI rising edge enable 



Interrupt request generation at 
falling edge 



Interrupt request generation at 
rising/falling edge 



- INTO level enable 



Rising edge detect interrupt 



1 High level interrupt 



INTl level enable 



Rising edge detect interrupt 



Falling edge detect interrupt 



Interrupt Input Mode Control Register 1 





7 


6 


5 


4 


3 2 


1 





bit Symbol 










I7IE 


I6IE 


I5IE 


ReadA/Vrite 










W 


After reset 



















Function 










; 1: INT7 
! Input 
enable 


1 : INT6 

Input 

enable 


1 : INT5 

Input 

enable 



Read-modify-write is 
prohibited. 



INTn Input enable 






INTn Input disable 


1 


INTn Input enable 



Setting of External Interrupt Pin Functions 



Interrupt 


Pin Name 


Mode 


Setting Method 


m 


P34 


~L Falling edge 


IIMC<NMIREE> = 


~\ f Rising and falling edge 


IIMC<NMIREE> = 1 


INTO 


P50 


J~ Rising edge 


IIMC<IOLE> = 0.<IOIb = 1 


J ' v_ Level 


IIMC <I0LE> = 1.<I0IE> = 1 


INTl 


P51 


_f~ Rising edge 


IIMC<I1EM> = 


~\_ Falling edge 


IIMC<I1EM> = 1 


INT2 


P52 


J~ Rising edge 


IIMC<I2EM> = 1 


INT3 


P53 


J~ Rising edge 


IIMC<I3EM> = 1 


INT4 


P72 


J~ Rising edge 


T4M0D <CAP12M1 , 0> = 0. or 0. 1 or1 . 1 


Falling edge 


T4MOD<CAP12M1.0> = 1.0 


INT5 


P73 


Rising edge 




INT6 


P66 


J~ Rising edge 


IIMC<I6IIE> = 1 


INT7 


P35 


J~ Rising edge 


IIMC<I7IIE> = 1 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-259 



TMP96C031N/F 



TLCS-900 16-bit Microcontroller 



(3) High-Speed ^DMA Start Vector 

When the CPU reads the interrupt vector after accepting an 
interrupt, it sinnultaneously compares the interrupt vector with 
each channel's jiDIVlA start vector (bits 4 to 8 of the interrupt 
vector). When both match, the interrupt is processed in ^iDMA 



mode for the channel whose value matched. 

If the interrupt vector matches more than one channel, 
the channel with the lower channel number has a higher prior- 
ity. 





;/DMAO Start Vector (read-modify-write is not possible.) 






7 


6 


5 


4 


3 


2 


1 





UIVIAUV 


bit Symbol 






DIVIA0V8 


■ DMA0V7 


DMA0V6 


DMA0V5 


DMA0V4 


(007CH) 


Read/Write 






W 



























Function 


When bits 


4 to 8 of the interrupt vector match bitsO to 4 of DMAOV, high-speed /<OMA channel a processed. 










//DMA1 Start Vector (read-modify-write is not possible.) 






7 


6 


5 


4 


3 


2 


1 





UmA 1 V 


bit Symbol 






DMA1V8 


DIVIA1V7 


DMA1V6 


DMA1VS 


DMA1V4 


(007DH) 


Read/Write 






W 




After reset 























Function 


When bits4 to8 of the interrupt vector match bits to 4 of OMAOV, high-speed ^DMA channel 1 is processed. 










//DMA2 Start Vector (read-modify-write is not possible.) 






7 


6 


5 


4 


3 


2 


1 





DMA2V 


bit Symbol 




DMA2V8 


DIVIA2V7 


DMA2V6 


DMA2V5 


DMA2V4 


(007EH) 


Read/Write 




W 




After reset 





















Function 


When bits 


4 to 8 of the interrupt vector match bits to 4 of OiVIAOV, high-speed fiDMA channel 2 is processed. 










/iDMA3 Start Vector (read-modify-write is not possible.) 






7 


6 


5 


4 


3 


2 


1 





DIV1A3V 


bit Symbol 




DMA3V8 


DMA3V7 


DMA3V6 


DMA3VS 


DIVIA3V4 


(007FH) 


ReadWrite 




W 




After reset 





















Function 


V.hen bits 


4to8oMheinterr 


jpt vector match b>ts to 4 of DMAOV, high-speed fiOMA channel 3 is processed 



(4) Notes 

The instruction execution unit and the bus interface unit of this 
CPU operate independently of each other. Therefore, if the instruc- 
tion used to clear an interrupt request flag of an interrupt is fetched 
before the interrupt is generated, it is possible that the CPU might 
execute the fetched instruction to clear the interrupt request flag 



while reading the interrupt vector after accepting the inter- 
rupt. If so, the CPU would read the default vector OOAOH 
and start the interrupt processing from the address 
80A0H. 

To avoid this, nnake sure that the instruction used to 
clear the interrupt request flag cornes after the Dl instruction. 
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3.4 Standby Function 

When the HALT instruction is executed, the TMP96C031 
enters RUN, IDLE, or STOP nnode depending on the contents 
of the HALT mode setting register. 

(1) RUN: Only the CPU halts; power consumption remains 

unchanged. 

(2) IDLE: Only the built-in oscillator operates, while all other 

built-in circuits halt. Power consumption is 



reduced to 1/1 or less than that during normal 
operation. 

(3) STOP: All internal circuits including the built-in oscillator 
halt. This greatly reduces power consumption. 



The states of the port pins in STOP mode can be set as 
listed in Table 3.4 (1) using the I/O register WDMOD <DRVE> 
bit. 



WDMOD 
(005CH) 





7 


6 5 


4 


3 


2 


1 





Bit Symbol 


WDTE 


WDTP1 WDTPO 


WARM 


HALTM1 i 


HALTMO 


RESCR 


DRVE 


Read/Write 


R/W 


After reset 


1 




















Function 


1 :WDT 
Enable 


00:2^6/fc 
01 :2^Vfc 
10:220/fc 
11 :222/fc 
Detection time 


Warming up 

time 
0:2^^/fc 
1:2^8/fc 


standby mode 
00 : RUN 
01: STOP 
10: IDLE 
11 : Don't care 


mode 
mode 
mode 


1: Connects 
watchdog 
timer 
output to 
RESET pin 
internally. 


1: Drive pin 
even in 
STOP 
mode. 



When STOP mode is released by other than a reset, the 
system clock output starts after allowing some time for warm- 
ing up set by the warming-up counter fro stabilizing the built-in 
oscillator. To release STOP mode by reset, it is necessary to 



allow the oscillator to stabilize. 

To release standby mode, a reset or an interrupt i s use d. 
To release IDLE or STOP mode, only an interrupt by the NMI or 
INTO pin, or a reset can be used. The details are described 
below: 



Standby Release by Interrupt 



— --^.^^^Interrupt Level 
Standby Mode ~ — 


Interrupt Mask (IFF2 to 0) 
< Interrupt Request Level 


Interrupt Mask(IFF2to 0) 
> Interrupt Request Level 


RUN 


Can be released by any interrupt. 

After standby mode is released, interrupt processing starts. 


Can only be released by INTO pin. 

Processing resumes from address next to HALT instruction. 


IDLE 


Can only be released by NMfor INTO pin. After standby mode 
is released, interrupt processing starts. 


T 


STOP 


T 





Note 1 : When releasing standby setting INTO to high level input mode, keep it high until interrupt processing starts. If the level drops to low, interrupt process- 
ing cannot be started correctly. 
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Table 3.4 (1) Pin States in STOP Mode 



Pin Name 


1 /n 
l/u 


DRVE s 


DRVE s 1 


ADO- ADZ 


AD0~Z 






AD8~AD15 


ADS -15 
A8-15 


- 


- 


P20~P2Z 


Input mode 

Output mode/A16~ 23 


PD* 
PD* 


PD 
Output 


P30~P33 


Input mode 
Output mode 


PD* 
PD* 


PD 
Output 


P34{R/W/NMi) 


Input mode 
Output mode 


PU* 
PU* 


PU 
Output 




NMl 






P35(RAS/INTZ) 


Input mode 
Output mode 
RAS 


PU* 
PU* 
Output 


PU 
Output 
Output 


P40~P42(CS0~CS2) 


Output 


PU* 


Output 


P43 (CS3/CAS) 


Output 
GAS 


PU* 
Output 


Output 
Output 


P50 (AND/INTO) 


Input 
INTO 


Input 


Input 
Input 


P51 ~ P53 


Input 


- 


Input 


P60 ~ P66 


Input mode 
Output mode 


- 


Input 
Output 


P6Z (P13/WDT0UT) 


Input mode 
Output mode 
wnini IT 

VVU 1 UU 1 


- 

nntniit 


Input 
Output 

Hi itni it 


PZ0~PZ6 


Inniit mnHp 

II l|JUl 1 1 lUUC 

Output mode 


_ 


Input 
Output 


ALE 


Output 


"0" 


"0" 


CLK 


Output 


_ 


"1" 


RESET 


Input 






WR 


Output 




"1" Output 


RD 


Output 




"1" Output 


AM8/16 


Input 


Input 


Input 


X1 


Input 






X2 


Output 


"1" 


"1" 



-: Input for input mode/input pin is invalid; output mode/output pin is at high impedance. 
Input enable state 

Input: Input gate in operation. Fix input voltage to or 1 so that input pin stays constant. 
Output: Output state 

PU: Programnnable pull-up pin. Fix the pin to avoid through current since the input gate operates when a pull-up resistor is not set. 
PD: Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set. 
*: Input gate disable state. No through current even if the pin is set to high impedance. 



Note: Port registers are used for controlling programmable pull-up/pull-down. If a pin is also used for an output function (e.g., T01) and the output function 
is specified, whether pull-up or pull-down is selected depends on the output function data. If a pin is also used for an input function, whether pull-up or 
pull-down is selected depends on the port register setting value only. 
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3.5 Port Functions 

The input/output ports of the TMP96C031 F consist of a total 
of 37 bits. 

In addition to general purpose input/output port func- 



tions, these port pins also function as input/outputs for internal 
CPU and built-in I/O. Table 3.5 (1) shows the function of each 
port pin. 



(R: T = With programmable pull-up resistor 
Table 3.5 (1) Port Function i = with programmable pull-down resistor) 



Port Name 


Pin Name 


Number of 
Pins 


Direction 


D 

n 


Direction Setting Unit 


Pin Name for Built-in Function 


Port2 


P20to P27 


8 


input/Output 


i 


Bit 


A0toA7/A16toA23 


Ports 


P30 
P31 
P32 
P33 
P34 
P35 




Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 


T 
T 
T 
t 
T 
T 


Bit 
Bit 
Bit 
Bit 
Bit 
. Bit 


T05/HWR 

TIO/WAIT 

BUSRQ 

BUSAK 

R/W/RAS 

RAS/INT7 


Port4 


P40 
P41 
P42 
P43 


i 


Output 
Output 
Output 
Output 


1 

t 
T 
t 


(Fixed) 
(Fixed) 
(Fixed) 
(Fixed) 


cso 

CS1 
CS2 

CS3/CAS 


Ports 


PSOto P53 




Input 




(Fixed) 


AN0-AN3 


Porte 


P60 
P61 
P62 
P63 
P64 
P65 
P66 
P67 




Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 




Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


PGOO/TxDO 

PGOVRxDO 

PG02/CTS0 

PG03/RSFH 

PG10 

PG11 

PG12/INT6 
PG13/WDT0UT 


PortZ 


P70 
P71 
P72 
P73 
P74 
P75 
P76 




Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 




Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


T01/r04 

T02/DMUX 

INT4/TI4 

INT5/ri5 

TxDI 

RxD1 

SCLK1 



3.5.1 Programmable Puil-up/Pull-down 

P0RT2 has a built-in pull-down resistor and PORTS and 
P0RT4 have a built-in pull-up resistor. Normally, their load can 
be turned on or off from software by setting the value of the 
output latch (registers P2, P3, and P4) during input mode. 



They can also be set in stand-by (STOP) mode and the load 
can be turned on or off when the immediately preceding set- 
ting is the value of output latch in input mode or is the value of 
output data in output mode. 



Table 3.5 (2) Pull-up/down Function Setting 







Programmable 


Setting 




Pull-up/down 


Output latch 
Output data 


ON/OFF 


Normal 


Standby (STOP) mode 


P0RT2(l/0) 


Pull-down 





ON 


Setting enabled only in 


Setting enabled in input/ 


1 


OFF 


input mode 


output mode 


P0RT3 (I/O) 


Pull-up 





ON 


T 


T 


1 


OFF 


P0RT4 (Output) 


Pull-up 





ON 


Setting disabled 


Setting enabled only in 


1 


OFF 


output mode 
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3.5.2 Bus Release Function 

The pull-up/down function explained in section 3.5.1 is also 



used to stabilize bus control signal at bus release._ 



Table 3.5 (2) shows pin states at bus release (BUSAK = 0). 



Pin Name 


Pin state at bus release 


Port mode 


Function mode 


AD0-AD15 
ADO -ADZ 
(A8~A15) 




Becomes high impedance. 


P20-P27 
{A16~23) 


No status change. 

(Does not become high impedance.) 


First sets all bits to low, then sets output buffer to off. 
Internal pull-down is added regardless to output latch 
value. 


RD 
WR 




First sets all bits to high, then sets them to high impedance. 


P30(fl/R) 
P34(R/W) 


IMU oldlUo Ulidliyc 

(Does not become high impedance.) 


First sets all bits to high, then sets output buffer to off. 
Internal pull-down is added regardless to output latch 
value. 


P40(CS0) 
P41 (CS1) 
P42 (CS2) 
P43(CS3) 


No status change. 

(Does not become high impedance.) 


First sets all bits to high, then sets output buffer to off. 
Internal pull-down is added regardless to output latch 
value. 


P71 (DMUX) 
P63 (RFSH) 


No status change. 

(Does not become high impedance.) 


First sets all bits to high, then sets them to high impedance. 


P35(RAS) 
P43(CAS) 


No status change. 

(Does not become high impedance.) 


No status change. 

(Does not become high impedance.) 



Figure 3.5 (2) shows the external bus interface when the 
bus release function is in use. The internal I/O of this device 



cannot be accessed when the bus is released. 



TMP96C031F 



Vcc 



(Internal pull 
down) 



POO-PC? 
(ADO-7) 



P10-P17 
(AD8-15) 



(Internal pull P20-P27 
down) (A16-23) 



P30 (RD) 
P31 ( WR) 
P63 ( RFSH) 
P71 (DMUX] 



P30 (HWR) 
P34 ( R/W ) 
P35 (RAS) 
P40 (C§0) 
P41 (CST) 
P42 (CS2) 
PA3f&3\ 



Vcc 



AD bus 



Upper address bus 



> System control 



Figure 3.5 (1). External bus interface example when bus release function is in use 
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3.5.3 Port 2 (P20 - P27) 

Port 2 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis using the control register P2CR and function register 
P2FG. Resetting resets all bits of output latch P2, control regis- 
ter P2CR and function register P2FC to 0. It also sets Port 2 to 



input mode and connects a pull-down resistor. 

In addition to functioning as a general-purpose I/O port, 
Port 2 also functions as an address bus (A1 6 to 23). 



Reset 

zd 

Direction control 
(on bit basis) 



Function control 
(on bit basis) 



P2FC write 



Output 
latch 



t 

P2 write 



Output buffer 

4»H 



■j^N-ch 



/ Programmable ' 
\ pull-down t 



-n Port 2 

P20-P27 
(A16-A23) 



Figure 3.5 (2). Port 2 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



MCU900-265 



TMP96C031N/F 



TLCS-900 16-bit Microcontroller 



Port 2 Register 



P2 

(0006H) 





7 


6 i 5 i 4 i 3 i 2 i 1 





bit Symbol 


P27 


P26 P25 P24 P23 P22 P21 


P20 


Read/Write 


R/W 


After reset 


Input mode (Output latch register is cleared to "0".) 



Port 2 Control Register 





7 


6 


5 


4 3 


2 1 





bit Symbol 


P27C 


P26C 


P25C 


P24C P23C 


P22C i P21C 


P20C 


Read/Write 


W 


After reset 




















Function 


< < Pair P2CR with P2FC. See P2FC below. > > 



Port 2 Function Register 



P2FC 
(0009H) 





7 


6 


5 -: 


4 


3 


2 


1 





bit Symbol 


P27F 


P26F 


P25F 


P24F 


i P23F 


P22F 


P21F 


P20F 


Read/Write 


W 


After reset 








i 
















Function 






P2FGP2CR = 00 


IN, 01 


:OUT, 10: - 


11 : A23-16 







Note: When using as an address bus, set 
P2CR first, then P2FC. 



Read-modify-write is 
prohibited for registers 
P2CR and P2FG. 



- Port 2 function setting 



^^-^FC<P2XF> 
P2CR^*-^ 
<P2XC>^"-^^ 





1 





Input 




1 


Output 


address bus 
(A23-16) 



Note: <P2XF> is bit X in register P2FC; <P2XC>; in register P2CR. 



Figure 3.5 (3). Registers for Port 2 
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3.5.4 Port 3 (P30 - P35) 

Port 3 is a 6-bit general-purpose I/O port. I/O can be set bit by 
bit using control registers P3CRL and P3CRH. Resetting sets 
all bits of P3 to 0; P30 to P35 to input mode and connects a 



pull-up resistor. In addition to functioning as a general-pur- 
pose I/O port, port 3 is also used for CPU control/status signal 
interrupt input, and timer I/O. 



Output latch 



1 



P3CRL 
(bitl) 

Wr ite 

"1 



P3CRL 
(bitO) 



Write 



r7C>- 



► D1 
►D2 



r{>0-| 1 d p-ch ( P'-og'-ammable 

S N Pull-up / 

-{i> CD P30(T05/HWR) 



Figure 3.5 (4). Port3(P30) 
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S 






Output latch 




P3 Write 










P3CRL 






(bits) 




Write 












S 






Output latch 




f 

P3 Write 










P3CRL 






(bits) 




Write 



P3CRL 
(bit4) 



Write 



r1I>1 
^3 



5a 

Selector 



P3 Read 



Internal 
BUSRQ 



Puil-up 
-~0 P31 (WAlT/TIO) 



Q P32 (BUSRQ) 



Figure 3.5 (5). Port 3 (P31, P32) 
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Output latch 



t 



P3CRL 
(bit?) 



Write 



P3CRL 
(bite) 



Write 



Internal 
BUSAK 
Reset 



A 

Selector 

B 

S 



Jp-ch( 



Programmable '\ 
Pull-up / 

D P33 (BUSAK) 



- P3 Read 



P3CRH 
(bit3) 



f 

Write 



P3CRH 
(bit2) 



Write 



S 

Output 
latch 



r 



A 

Selector 



CxH F P-ch( Pi^ogrammable \ 

n ^pull-up / 



Output buffer 



RAS 



INT7 _^ 

Interrupt J — ] 



P3 Read 



pull-up 

Q P35{RAS/INT7) 



Figure 3.5 (6). Port 3 (P33, P35) 
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(1) P34/NMI/R/W 

Port 34 is a general-purpose I/O p ort, s hare d with non- 
maskable interrupt input pin (NMI). The NMI pin is selected by 
the control register P3CRH <P34C1 ,P34C0>. By setting 
<P34C1 ,P34C0> = <0,0>, it turns to the NMI input pin. Since 



the NMI pin is specified only once, the NMI pin cannot be 
switched to the general-purpose port. The <P34C1 ,P34C0> 
should be initialized to "0" by resetting in order to switch to the 
general-purpose I/O port mode. Port3 register (P34) is set to 
be "1 " when the pull-up resistor is attached. 



Reset 

P3CRH 
(bit1) 



P3CRH 
(bitO) 



S 

Output 
latch 



P3 Write 



P3 Read 



r 



s 

A Y 
Selector 
B 



R/W 



S 

Y A 



NMI 
Interrupt 



detect 



Write 



Output 
buffer 



-□ P34(NMI/R/W) 



Figure 3.5 (6). Port 3 (P33, P34) 
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P3 

(0007H) 



Port 3 Register 





7 


6 


5 i 4 ! 3 i 2 


1 


bit Symbol 






P35 P34 P33 P32 


P31 P30 


Read/Write 






R/W 


After reset 






1 




1 


1 


1 


Function 






Input mode (Pulled-up) 


Port 3 Control Register L 




7 6 


5 4 


3 2 


1 





bit Symbol 


P33C1 ; P33C0 


P32C1 \ P32C0 


P31C1 : P31C0 


P30C1 


P30C0 


Read/Write 


W 


W 


W 


W 


After reset 


























Function 


00: PORT input 
01: PORT output 
10: BUSAK 
11: — 


00: PORT input 
01: PORT output 
10: BU?R?5 
11: — 


00: PORT input 
01: PORT output 
10: — 
11: — 


00: PORT input 
01: PORT output 
10: T05 
11: HWR 



P3CRL 
(OOOAH) 



Port 3 Control Register H 







7 


6 ; 5 ; 4 


3 2 


1 


P3CRH 


bit Symbol 


ROEN 




P3SC1 : P35C0 


P34C1 I P34C0 


(OOOBH) 


Read/Write 


W 




w 


W 




After reset 















Function 


1 : pseudo 
SRAM 
EN 




00: PORT input 
01: PORT output 
10: RAS 
11: — 


00: PORT input 
01: PORT output 
10: NMI 
11: R/W 


Read-mod if y-write is 





RD output only when externally accessed 



Always RD output (for pseudo SRAM) 



Setting P3CRH<RDEN> to 1 outputs RD strobe (for 
pseudo static RAM) even when accessing the internal 
address area. Resetting to outputs RD strobe only 
when the external area is accessed. 



Figure 3.5 (8). Port 3 Registers 



Note: There is no port/fu nction switch register for pin P31 CTIO/WAIT). For example, if pin P31 is used as an input port, data are input to 8-bit timer 0. If pin 
P31 is used as the WAIT pin, set P3CRL <P31C1 .0) > to 00, and bits 3 and 2 <BXW1 ,0> in the chip select/wait control register to 10. 
If pin P35 (RAS/INT7) is used as the INT7 pin, set P3CRH <P35C1 ,0) to 00 and <1 71 E> to 1 . 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



MCU900-271 



TMP96C031N/F 



TLCS-900 16-bit Microcontroller 



3.5.6 Port 4 (P40 - P43) 

Port 4 is a 4-bit output dedicated port. Port 4 is also used for 
chip select CSO - CSS outputs and column address strobe 
CAS (CSS only) output. To select the function to be used, use 



function register P4FC. Resetting sets the output register for 
P40, P41 , and P42 to 1 ; the output register for P42 to 0; all bits 
in the function register to 0. P40, P41 , and P4S are set to out- 
put ports for outputting 1 ; P42 to output port for outputting 0. 



Function Control 
(On bit basis) 



S 

Output 
latch 



r 



A 
B 



C$0.C$1.CS3/RAS 



P4 Read 



Output buffer 



-Q P40 ( CSO) 
P41 ( CS1) 
P43 (CS3/CAS) 



Figure 3.5 (9). Port 4 (P40, P41, P43) 
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Reset 



KJ 



Function Control 
(On bit basis) 



P4FC Write 



R 

Output 
latch 



CS2 
P4 Read 



S 
A 

Selector 

B 



Output buffer 



P42 (CS2) 



Figure 3.5 (10). Port 4 (P42) 



Port 4 Register 





7 


6 


5 


4 


3:2:1:0 


bit Symbol 










P43 P42 P41 P40 


Read/Write 










W\N 


After reset 










1 i i 1 ; 1 


Function 










Output mode 



Port 4 Function Register 





7 


6 


5 


4 


3 f 2 i 1 i 


bit Symbol 


BUSWDT 








P43F P42F P41F P40F 


Read/Write 


W 








W 


After reset 























Function 


0: BUSRQ 

DIS 
1: BUSRQ 

EN 








0: PORT 
1: CS3 
/CAS 


0: PORT 
1: CS2 


0: PORT 
1: CST 


0: PORT 
1: So 



I Explained in section 3.12, Watchdog timer. 

P4FC is disabled for read-modify-write. 



Figure 3.5 (1 1). Registers for Port 4 

P4FC is disabled for read-modlfy-write. 

Note: To select the function to be used for P43, use the BSCS register for the chip select/wait controller. 
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3.5.6 Port 5 (P50 - P53) analog inputs or external interrupts. 

Port 5 is a 4-bit input dedicated port which is also used for 



Level/edge 
detect 



IIMC 
INTI-INTS 



IIMC 

<I11E~I3IE> 



<IOIE>^ } l' 
IIMC<10LE> /- 1 I 



ADREG 
Read 



ADREG 




A/D 




Register 




Converter 





4 channel 
analog 
Multiplexer 



J I Ports 
•—J P50~P53 

(INT0-INT3/AN0-AN3) 



Figure 3.5 (11). Port 5 (P50, P51, P52, P53) 



Port 5 Register 





7 


6 


5 


4 


3 ; 2 i 1 ; 


bit Symbol 










P53 P52 P51 P50 


ReadA/Vrite 










R 


Function 










Input mode 



Note : There is no input switch register for ANO-3/INT0-3; data are input to both. 

When port 5 is used for INTO-5, set interrupt input mode control registers and 
1, IIMCOand 1<101E-131E>.to 1. 

When port 5 is used as the input channel for the A/D converter, set the A/D 
converter mode register, ADMOD. 



Figure 3.5 (12). Register for Port 5 
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3.5.7 Port 6 (P60 - P67) 

Port 6 is an 8-bit port. I/O can be set bit by bit. In addition to 
functioning as an I/O port, pins P60 to P67 function as follows: 
P60 - P63/P64 - P67: pattern generate PG0/PG1 output 
P60: serial channel TxDO output pin and progrannnnable 

open drain function. 
P61 : serial channel RxDO output pin 
P62: serial channel CTSO output pin 



P63: DRAM controller refresh signal pin 
P66: external interrup t requ est input INT6 pin 
P67: watchdog timer WDT output pin. Set using port 6 con- 
trol registers. P6CRL and P6CRH. 

Resetting sets control registers P6CRL and P6CRH to 0; all 
bits to input mode. 



P6CRL/H 
(Upper bit) 



PSCRiyH 
(Lower bit) 



Output latch 



P6 Write 



net 



PG00,PG13 



TxDO.WDTOUT, RFSH- 



DO 
D1 
D2 
D3 

Selector 



P60 
(Open drain 
setting enable) 
ODE<ODE0> 



- | I P60 (PGOO/TxDO) 
P63 (PGCVRFSH) 
P67 (PG13/WDT) 



Figure 3.5 (13) Port 6 (P60, P67) 
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P6CRL/H 
(Upper bit) 



Write 



P6CRL/H 
{Lower bit) 



Output latch 



t 

Rewrite 
PG01,PG02, PG12 



-1^ 



P6 Read 

RxDO.CTSO 

INT6 -* 



A S 
Selector 



S A 
Selector 



<3: 



- | I P61 (PGOI/RxDO) 
P62 (PG02/CTS0) 
P66 (PG12/INT6) 



Figure 3.5 (14). Registers for Port 6 {P61, P62, P66) 



P6CRIVH 
(Upper bit) 



Write 

ZL_ 



PeCRL/H 
(Lower bit) 

— T" 

Write 



1 



Output latch 



P6 Write 
PG03, PG10, PG11 



►A S 

Selector 



S A 
Selector 



- | I P64(PG10) 
P65 (PG11) 



Figure 3.5 (15). Port 6 (P63, P64, P65) 
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Port 6 Register 





7 


6 


5 


4 3 


2 


1 





bit Symbol 


P67 


P66 


P65 


P64 P63 


P62 


P61 


P60 


ReadA/Vrite 


R/W 


After reset 


Input mode 


Function 


1 ; 1 ; 1 i 1 i 1 ; 1 i 1 ; 1 



Port 6 Control Register L 







7 


6 


5 


4 


3 


2 


1 


P6CRL 


bit Symbol 


P63C1 


P63C0 


P62C1 


P62C0 


P61C1 


P61C0 


P60C1 


P60C0 


(0014H) 


ReadAA/rite 


W 


W 


W 


W 




After reset 




























Function 


00: PORT input 
01: PORT output 
10: PG03 
1 1 : WSH 


00: PORT input 
01: PORT output 
10: PG02- 
11: — 


00: PORT input 
01: PORT output 
10: PG01 
11: — 


GO: PORT input 
01: PORT output 
10: PGOO 
11: TXDO 










Port 6 Function Register H 












7 


6 


5 


4 


3 


2 


1 i 


P6CRH 


bit Symbol 


P67C1 


P66C0 


P66C1 


P66C0 


P65C1 


P65C0 


P64C1 


P64C0 


(0016H) 


Read/Write 


W 


W 


W 


W 




After reset 




























Function 


00: PORT input 
01: PORT output 
10: PG13 
1 1 : WDTOUT 


00: PORT input 
01: PORT output 
10: PG12 
11: — 


00: PORT input 
01: PORT output 
10: PG11 
11: — 


00: PORT input 
01: PORT output 
10: PG10 
11: — 



Read-modify-write is prohibited for registers P6CR and P6FC. 

Note: To set the TXDO pin to open drain output, write 1 in bitO<ODEO> in the ODE register. 

There is no port/function switch register for pin P61/RXD0. If pin P61 is used as an input port, 
data are input as serial receive data to SIO. When pin P66/PG12/INT6 is used for INT6, set 
P6CRH<P66C1.0> to 00 and IIMC1<161E>to 1. 



Figure 3.5 (16). Registers for Port 6 
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3.5.8 Port 7 {P70 - P76) 

Port 7 is a 7-bit general-purpose I/O port. I/O can be set bit by 
bit using control registers P7CRL and P7CRH. Resetting sets 
all bits in P7 to 1 ; control registers P7CRL and P7CRH to 0; 



P70 - P76 to input mode. In addition to functioning as a gen- 
eral-purpose I/O port, port 7 as follows: interrupt input, timer 
I/O, DRAM address multiplex, serial channel send/receive 
(TXD1 and RXD1), and transfer clock input (SCLK1) pin. 



Direction control 
(On bit basis) 



Function control 
(On bit basis) 



Output latch 



P7 Write 

T01,T03 

T04. DMUX 



DO 
D1 
D2 
D3 

Selector 



7C>- 



S A 
Selector 



-[> 



- | I P70(TO1/TO4) 

P71 (T03/DMUX) 



Figure 3.5 (17). Port 7 (P70, P71) 
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\ I P72 (TI4/INT4) 
P73 (TI5/INT5) 
P75(RxD1) 



Figure 3.5 (18). Port 7 (P72, P73, P75) 



P7CRH 
(bill) 



P7CRH 
(bitO) 



t 

Write 

ZL_ 



Output latch 



t 



1> 



A S 
Selector 



S A 
Selector 



P74 (Open drain 
setting enabled) 
0DE<0DE1> 



- \ I P74(TXD1) 



Figure 3.5 (19). Port7(P74) 
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P7CRH 
(bits) 



=0 



P7CRH 
(bit4) 



1 



Output latch 



P7 Write 
SCLKOUT 



►A S 
Selector 



- ) I P76(SCLK1) 



S A 
Selector 



Figure 3.5 (20). Port 7 (P76) 
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Port 7 Register 





7 


6 5 


4 3 


2 ; 1 ; 


bit Symbol 




P76 P75 


P74 P73 


P72 P71 P70 


ReadAVrite 




R/W 


After reset 




Input mode 


Function 




1 1 


1 1 


1 ; 1 ; 1 



Port 7 Control Register L 





7 6 


5 4 


3 2 


1 


bit Symbol 


P73C1 : P73C0 


P72C1 \ P72C0 


P71C1 i P71C0 


P70C1 \ P70C0 


Read/Write 


W 


W 


W 


W 


After reset 














Function 


00: PORT input 
01: PORT output 
10: — 
11: — 


00: PORT input 
01: PORT output 

10: — 
11: — 


00; PORT input 
01: PORT output 
10: T03 
11: DMUX 


00: PORT input 
01: PORT output 
10: T01 
1 1 : T04 



Port 7 Control Register H 





7 6 


5 4 


3 2 


1 


bit Symbol 




P76C1 i P76C0 


P75C1 : P75C0 


P74C1 : P74C0 


ReadA/Vrite 






W 


W 


W 


After reset 















Function 






00: PORT input 
01: PORT output 
10: SCLK1 
11: — 


00: PORT input 
01: PORT output 
10: — 
11: — 


00: PORT input 
01: PORT output 
10: TxDI 
11: — 



Read-modify-write is prohibited for registers P7CR and P7FC. 



Note :To set the TxDI pin to open drain output, write 1 in the 1 <0DE1 > in the ODE 
register. 

There is no port/function switch register for pin P75/RXD1 . If pin P75 is used as 
an input port, data are input as serial receive data to SIC. There is no 
port/function switch register for pin P72/T14/INT4 or pin P73/T1 5/INT5. If pin P72 
or P73 is used as an input port, data are input to the 16-bit timer. When pin 
P72/P73 is used for INT4/5, set P7CRL<P73C1,0> to 00 and 
nMC0<141E>/nMCl<151E> to 1. 



Figure 3.5 (21). Registers for Port 7 
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3.6 Chip Select/Wait Control 

The TMP96C031 F has a b uilt-in c hip se lect/wait c ontroll er 
used to control chip select (CSO - CSS pins), wait (WAIT pin), 
and data bus size (8 or 1 6 bits) for any of the three block 

address areas. 

The select pin (AM8/1 6) is used to select the width of the 
external data bus. (See section 3.1 .2, External data width 
select pin.) 



3.6.1 Control Registers 

Table 3.6 (1) shows control registers 

The block address areas is controlled by corresponding 
CS/wait control register (BOCS, B1 CS, B2CS, BSCS) and start 
address register/address nnask register (explained in section 
3.6.2, Address area). 

Registers can be written to only when the CPU is In sys- 
tem mode. (There are two CPU modes: system and normal.) 
The reason is that the settings of these registers have an 
important effect on the system. 



Table 3.6 (1) Chip Select/Wait Control Register 







7 


6 


5 


4 


3 


2 


1 





BOCS 


bit Symbol 


BOE 


■ BOSYS 


BOARE 


: BOBUS 


' B0W1 


: BOWO 


BEXW1 


: BEXWO 


(0068H) 


Read/Write 


W 




After reset 






























0: CSO 


1: SYSTEM 


0: 7F00H 


0: 16BIT 


00: 2WAIT 


00: 2WAIT 






DIS 


ONLY 


~7FFFH 


1: 8BIT 


01: 1WAIT 


01: 1WAIT 




Function 


1: CSQ 
EN 






1 : address 
area 






10: IWAIT + n 
1 1 : OWAIT 


10: 1WAIT*n 
11: OWAIT 












specifi- 
























cation 














B1CS 


bit Symbol 


B1E 


B1SYS 


B1ARE 


B1BUS 


B1W1 


i B1W0 






(0069H) 


Read/Write 


W 








After reset 




























0: CST 






0: BOH 


















DIS 






~7FFFH 
















Function 


1:CST 
EN 






1 : address 
area 
specifi- 
cation 














B2CS 
(006AH) 


bit Symbol 


B2E 


B2SYS 


B2ARE 


B2BUS 


B2W1 


B2W0 






Read/Write 


W 






After reset 


1 








Undefined 
















0:C52 






0: 8000H 


















DIS 






~ 3FFFFFH 
















Function 


1: CS2 
EN 






1 : address 
area 
specifi- 
cation 














B3CS 
(006BH) 


bit Symbol 


BSE 


B3SYS 


B3ARE 


B3BUS 


B3W1 


B3W0 


B3CAS 


SRFC 


Read/Write 


W 


After reset 























1 






0:CS3/ 






0: Un- 










0:CS3 


0: Self 






CASDI 






defined 










output 


refresh 




Function 


1: CS3/ 
CASEN 






1 : address 
area 
specifi- 
cation 










1:CAS/ 
output 


execu- 
tion 
1: Release 
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(1) Enable 

Control register bit 7 (BOE, B1 E, B2E, and BSE) is a 
master bit used to specify enable "1 ")/disable "0" of 
the setting. 

Resetting sets BOE, B1 E, and BSE to disable "0" and 
B2E to enable "1". 



(2) System only specification 

Control register bit 6 (BOSYS, B1SYS, B2SYS, and 
B3SYS) is used to specify enable/disable of the setting 
depending on the CPU operating mode (system or nor- 
mal). Settii2g_this bit to enables setting (Address 
space for CS. Wait state, Bus size, etc.) regardless of 
the CPU operating mode; setting it to 1 enables setting 
in system mode but disables setting in normal mode. 
Resetting clears bit 6 to 0. 
Bit 6 is mainly used when external memory data 
should not be accessed in normal mode (i.e., for sys- 
tem mode only memory data for the operating system). 



(S) Address area specification 

Control register bit 5 (BOARE, B1ARE, B2ARE, and 
BSARE) is used to specify the target addre ss space. 
When this bit is set to "0" af ter re set, CSO is set to 
addresses 7F00H to 7FFFF, CS1 is set to address 80H 
to 7FFFH, and CS2 is set to addresses 8000H to 
SFFFFF CSS is undefined. (See 3.6.3 Default Address 
Space Specification.) When this bit is set to "1", the 
target address is the address space is the address 
space specified by the memory start address register 
MSAR and memory start address mask register 
MAMR. (See 3.6.2 Address Space Specification.) 

(4) Data bus width select 

Control register bit 4 (BOBUS, B1 BUS, B2BUS, 
BSBUS) is used to specify the data bus width. When 
this bit is set to "0", memory is accessed in 1 6-bit data 
bus mode. When this bit is set to "1 ", memory is 
accessed in 1 6-bit data bus mode. However, this bit is 
valid only in 1 6-bit bus mode (AM8/1 6 pin = "0"). In 8- 
bit bus mode (AM8/1 6 pin = "1 "), all address space is 
accessed in 8-bit data bus mode regardless of the 
value of this bit. (See 3.1 .2 External Data Bus Width 
Selection Pin.) 

The changing data bus width according to the address 
to be address to be accessed is referred to dynamic 
bus sizing. Table 3.6 (2) shows the details of the bus 
operation. 
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Table 3.6 (2) Dynamic Bus Sizing 



Operand 


Operand 


Memory 


CPU Address 


CPU Data 


Data Size 


Start Address 


Data Size 


D15-D8 


D7-D0 


8-bit 


2n + 


8-bit 


2n + 


xxxxx 


b7-b0 


(even nurnber) 


16-bit 


2n + 


xxxxx 


b7-b0 




2n + 1 


8-bit 


2n + 1 


xxxxx 


b7-b0 




(odd number) 


16-bit 


2n + 1 


b7-b0 


xxxxx 




2n + 


8-bit 


2n + 
2n + 1 


aXXXX 

YYYYY 
AAAAA 


h7 hn 

Dl - UU 

b15 - b8 




(even number) 


16-bit 


2n + 


b15-b8 


b7-b0 


16-bit 


2n + 1 


8-bit 


2n + 1 
2n + 2 


xxxxx 
xxxxx 


b7-b0 
b15-b8 




(odd number) 


16-bit 


2n + 2 


b7-b0 
xxxxx 


xxxxx 
b15-b8 








2n + 


xxxxx 


b7-b0 








2n + 1 


xxxxx 


b15- b8 




2n + 
(even number) 


D hif 

o-DIl 


2n + 2 
2n + 3 


xxxxx 
xxxxx 


b23-b16 
b31-b24 


32-bit 


16-bit 


2n + 2 


b15-b8 
b31-b24 


b7- bO 
b23-b16 






2n + 1 
2n + 2 


xxxxx 
xxxxx 


b7- bO 
b15- b8 




2n + 1 
(odd number) 


8-bit 


2n + 3 
2n + 4 


xxxxx 
xxxxx 


b23-b16 
b31-b24 






2n + 1 


b7-b0 


xxxxx 






16-bit 


2n + 2 


b23-b16 


b15- b8 






2n + 4 


xxxxx 


b31 - b24 



xxxxx: During a read, data input to the bus is ignored. At write, tlie bus is at high impedance and the write strobe signal remains non-active. 
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(5) Wait control 

Control register bits 3 and 2 (B0W1 , 0; B1 W1 , 0; B2W1 , 
0; B3W1 , 0) are used to specify the number of waits. 
Setting th ese bit s to 00 inserts a 2-state wait regard- 
less of the WAIT pin status. Set ting th em to 01 inserts 
a 1 -state wait regardless of the WAIT status. Setting 
them to 1 inserts a 1 -state wait and samples the 
WAIT pin status. If the pin is low, inserting the wait 
maintains the bus cycle until the pin goes high. Setting 
them to 1 1 com pletes the bus cycle without a wait 
regardless of the WAIT pin status. 
Resetting sets these bits to 00 (2-state wait mode). 

Note: If there ia a contention between DRAM access 
and refresh when using DRAM, the refresh 
cycle is added to the specified wait. 



(6) CS/CAS waveform select 

The BSCS register bit 1 <B3CAS> is used to specify 
the mode of th e waveform output from the chi p sel ect 
pin (CS3/CAS) pin. When this bit is set to "0", CS3 
waveform is output. When it is set to "1 ", CAS wave- 
form is output. This bit is cleared to zero after reset. 

(7) Self refresh control 

(described in section 3.13.1 Refresh Controller.) 

(8) Wait control outside space CSO to CS3 

This bit is used to specify the number of waits when 
BOCS register bits 1 and <BEXW1 , 0> or space out- 
side CSO to CS3 is accessed. 
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3.6.2 Address Space Specification (BOCS to BSCS 
<BOAREto B3ARE> = "1") 

The address space is specified with the start address register 
(MSARO, l\/1SAR1, l\/ISAR2, and MSAR3) and address mask 
register (MAMRO, MAMR1 , MAMR2, and MAMR3). For each 
bus cycle, the chip select controller compares the address on 



the bus and value of this start address register. The value of 
the address mask register is used to ignore result of this 
address comparison. When there is a match, the specified 
space is assumed to be accessed and a low s trobe si gnal i s 
output from the corresponding chip select pin (CSO to CSS) if 
it is enabled (BOE to BSE = "1 "). 



X1 
CLK 
ALE 
ADo~ADi5 
Ao~A23 
RDAA/R 



ZDC 



J 



IK 



CSO-3 ' 



X 

.r 



Figure 3.6 (1). Chip Select (CSO to CSS) Operation Timing 
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A8~A23 

A23 
A22 



A16 



=I>^cso 



A14 ~9 
A8 



V 


V 


V 


V 


V 


V 


9 


V 


20 


19 


18 


17 


16 


15 


14 


8 



Start address mask register 



Start address register 



=0- 
=0- 



Figure 3.6 (2). CSO Address Decode Block Diagram 



A8-A23 

A23 
A22 
A21 
A20 
A19 
A18 



A17 
A16 



V 


V 


V 


V 


V 


V 


V 
9 


V 


21 


20 


19 


18 


17 


16 


15 


8 



23 2221 20 19 18 17 16 



=Do 

=0 



=I>*-csi 



start address mask register 



Start address register 



Figure 3.6 (3). CS1 Address Decode Block Diagram 
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A8~A23 



A22 



A19 



A15 



V 


V 


V 


V 


V 


V 


V 


V 


22 


21 


20 


19 


18 


17 


16 


15 



Start address mask register 



Start address register 



^ ' 

=o ' 



=:I>*-CS2CS3 



B2CS<B2E> 
B3C5 <B3E> 



Figure 3.6 (4). CS2, CSS Address Decode Block Diagram 



(1) Memory start address register 



Memory start address register 



Table 3.6 (3) Memory Start Address Register 



Memory start address register (CSO to CS3) 



MSARO MSAR1 
(0040H) / (0042H) 

MSAR2 /mSAR3 
(0044H) (0046H) 





7 


6 


5 ; 4 : 3 ; 2 


i 1 





bit symbol 


S23 


S22 


S21 S20 S19 S18 


S17 


S16 


Read/Write 


R/W 


After reset 


1 : 1 : 1 : 1 : 1 i 1 : 1 i 1 


Function 


Set start addresses A23 to A 1 6 



t: 



Set start address for CSO to CS3 
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Table 3.6 (4) Memory Start Address Mask Registers 



Memory start address mask register (CSO) 



MAMRO 
(0041 H) 





7 


6 


; 5 i 4 : 


3 2 


1 





bit symbol 


V20 


V19 


V18 V17 


V16 V15 


V14~9 i 


V8 


Read/Write 


R/W 


After reset 


1 ; 1 ; 1 i 1 : 1 ; 1 i 1 1 1 


Function 






: Compare enabled 1 


Compare disabled 







Control comparison of CS5 addresses A8 
toA20 



Memory start address mask register (C51) 



MAMR1 
(0043 H) 





7 


6 


; 5 i 4 ; 


3 2 


1 ; 





bit symbol 


V21 


V20 


V19 V18 


V17 V16 


V15~9 : 


VB 


Read/Write 


R/W 


After reset 


1 ! 1 ; 1 ; 1 i 1 ; 1 : 1 i 1 


Function 






: Compare enabled 1 


Compare disabled 







Control comparison of CS1 
addresses A8 to A21 



Memory start address mask register (CS2, CS3) 



MAMR2 MAMR3 
{0045H) (0047H) 





7 


6 


i 5 i 4 : 


3 ; 2 i 


1 





bit symbol 


V22 


V21 


V20 V19 


VIS V17 


V16 


V15 


Read/Write 


RAA/ 


After reset 


1 ; 1 • 1 i 1 ! 1 : 1 ; 1 


1 


Function 






: Compare enabled 1 


Compare disabled 







L> Control comparison of CS2 to CS3 
addresses A1 5 to A22 
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MSARO to 3 < S23> to <S1 6> correspond to addresses 
A23 to A1 6 and S1 5, S1 4 to 9, and S8 corresponding to 
addresses A1 5, A1 4, to 9, and A8 are "0" by default. MAMRO 
<V20> to <V8> enable/disable connparison of value set with 
MSARO and address and <V20> to <V8> correspond to 
<S20> to <S16>, S15, S14 to 9, and S8. In addition, V21 , 
V22, and V23 corresponding to <S21>, <S22>, and <S23> 
are "0" by default and comparison is always enabled. 

Exam ple of enabling/disabling comparison 

(CSO registers MSARO and MSAMRO) 

When comparison is disabled by setting <V1 6> = 1 , the 
comparison of the value of <S1 6> and address A1 6 is dis- 
abled and the value of <S16> becomes invalid. 

When comparison is enabled by setting <V1 6> = 0, the 
comparison of the value of <S1 6> and address A1 6 is 
enab led a n d CS O is enable d only when they match. 

CS1 , CS2, and CSS can be used in the same manner. 



(2) How to the Start Address 

The address decoder is output by specifying the start address 
for CS output and the space size. 

The start address is set every 64K-byte because it is 
decoded by A1 6 to A23 as shown in the block diagram. 

In other words, the DRAM start address is set to one of 
the 64K-byte inten/als after "OOOOOOH". 

However, note that the start address may be changed 
due to the value of the MAMR. 



Address 
OOOOOOh 

64K-byte 
unit 



Start address Start address register value (MSARO to 3) 

OOOOOOh OOh 

— OIOOOOh OIh 

020000H 02h 

030000H 03h 

040000H 04h 

OSOOOOh 05h 

OSOOOOh 06h 



5 5 

-FFOOOOh FFh 



Figure 3.6 (5). Where to Set Start Address 
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(3) How to Set the Address Space 

The address space is specified by setting the memory start 
address masl< register (MAMRO to 3). 



As sho wn in the ad dre ss decode r block diagram (Figures 
3.6 (2) to (4)), CSO, CS1 , or CS2/CS3 can specify the address 
area for which the chip select signal can be output depending 
on whether to compare the address A8 to A20, A8 to A21 , or 
A1 5 to A22 respectively 



\SIZE 


256 


512 


32K 


64K 


128K 


256K 


512K 


IM 


2M 


4M 


8M 


CSO 


O 


o 


o 


o 


o 


o 


o 


o 


o 






CST 


o 


o 




o 


o 


o 


o 


o 


o 


o 




CS2 






o 


o 


o 


o 


o 


o 


o 


o 


o 


CS3 






o 


o 


o 


o 


o 


o 





o 


o 



Figure 3.6 (6). Chip Select and Space Size 



(4) Start Address/Address Space Setting Procedure 

® Set memory start address mask register (MAMR) 
(Set address space) 

(D Set memory start address register (MSAR) 
(Set area start address) 

@ Check the identical address bit of MAMR and MSAR 

Example: Check the value of (CSO) MAMRO <V1 6> 
and MSARO <S16> 

® If the bits at identical address are "1 " and "1 MSAR bit 
is treated as "0". <-The start address changes. 

Example: If (CSO) MAMR <V16> = 1 and MSAR 
<S1 6> = 1 , comparison of address A1 6 
and <S16> is disabled and address A16 is 
selected regardless of whether the value is 
"1 " or "0" and the start address is replaced 
by the value in MSAR. 

(D If it is OK for the start address to change, end the set- 
ting procedure. If not, change the value to MSAR. 



(D Reset MSAR and re-verify (return to step 3). 

(Setting Example) 

When address space is 1 28K-byte and start address is 
30000H (area 30000H to4FFFFH). 

Set 

MAMR = OFH address space 128K-byte 
MSAR = 03H start address 30000H 

MAMR <V1 6> and MSAR <S1 6> are "1 " and "1 " and the 
start address changes to 2000H. (space 20000H to 
3FFFFH). 

If this is not desired, change the start address. 
Change the start address to 4000H. (space 40000H to 
5FFFFH). 

MAMR = OFH 
MSAR = 04H 

The bits at identical address of MAMR and MSAR are not 
"1 " and "1 " and the start address remains unchanged. 
Therefore, a 1 28K-byte space starting at address 
40000H can be decoded. 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



MCU900-291 



TMP96C031 N/F TLCS-900 1 6-bit Microcontroller 



(Setting example 1) (CSO) chip select output is as shown in the following mennory nnap. 

When MSAR is set to 02H and MAMR is set to OFH, the 



MSAR setting 



1 


1 


i 1 


1 


° 1 


1 


' 1 


1 


i! !! 1 


















default "0" 


V23 


V22 


V21 


V20 


V19 


V18 


V17 


V16 


V15 V14~9 V8 


! 


1! 


1! 


i 













• 1 - 1 • 1 



default "0" 



S23 to S1 7 are valid because V23 to V1 7 = "0" and S1 6 are invalid because V1 6 to V8 = "1 



OOOOOOh 




FFFFFFh 
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(Setting example 2) (CSO) chip select output is as shown in the following memory map. 

When MSAR is set to 01 H and MSAR is set to 04H, the 



MSAR setting S23 S2 2 S21 S20 S19 S18 $17 S16 515 514-9 , 58 

I I I I I I I I 1 l i" "!!" I 1 

default "0" 

M AM R setti ng - - -^A3. . „ _ _V22_ WJ. . V20 V19 vis V17 V16 VIS V14-9 V8 

!-_o__,j'' » !| I I I I I 1 I I I 



The values of S23 - S1 6, and S1 4-S8 become valid becomes invalid because V1 5 = 1 . 

because V23 to V1 6 = and V1 4 - V8 = O.The value of S1 5 



OOOOOOh 




FFFFFFh 
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(Setting example 3) (CSO) MAMR (excerpt). 

Space where chip select is output by values set in MSAR and 





00 


01 


03 


04 


00 


0000 
S 

OOFF 
{256-byte) 


0000 
\ 

01FF 
(512-byte) 


0000 
t 

7FFF 
(32K-byte) 


0000 8000 

\ s 

OOFF 80FF 
(256-byte x 2) 


01 


10000 
J 

100FF 
(256-byte) 


10000 
S 

101FF 
(512-byte) 


10000 

17FFF 
(32K-byte) 


10000 18000 

S J 
100FF 180FF 
(256-byte X 2) 


02 


20000 
i 

200FF 
(256-byte) 


20000 
\ 

201FF 
(512-bytei 


20000 
\ 

27FFF 
(32K-byte) 


20000 28000 

t ) 
200FF 280FF 
(256-byte X 2) 


03 


30000 

\ 

300FF 
(256-byte) 


30000 
\ 

301FF 
(512-byte) 


30000 
\ 

37FFF 
(32K-byte) 


30000 38000 

1 \ 
300FF 380FF 
(256-byte X 2) 





03 


07 


OF 


IF 


3F 


7F 


FF 




40000 
J 


40000 

I 


40000 


40000 
1 


00000 
t 






04 


47FFF 
(32K-byte) 


4FFFF 
(64K-byte) 


5FFFF 
(128K-byte) 


7FFFF 
(256K-byte) 


7FFFF 
(512K-byte) 


00000 
1 




08 


80000 
\ 

87FFF 
(32K-byte) 


80000 

\ 

8FFFF 
(64K-byte) 


80000 
1 

9FFFF 
(128K-byte) 


80000 
S 

BFFFF 
(256K-byte) 


80000 
1 

FFFFF 
(512K-byte) 


FFFFF 
(IM-byte) 


000000 
i 

1 FFFFF 
(2M-byte) 




100000 
\ 


100000 
I 


100000 


100000 
1 


100000 
\ 


100000 
1 


10 


107FFF 
(32K-byte) 


10FFFF 
(64K-byte) 


\ 

11FFFF 
(128K-byte) 


13FFFF 
(256K-byte) 


17FFFF 
(512K-byte) 


1FFFFF 
(IM-byte) 






200000 
1 


200000 
1 


200000 
t 


200000 
I 


200000 
1 


200000 
1 


200000 
1 


20 


207FFF 
(32K-byte) 


20FFFF 
(64K-byte) 


21FFFF 
(128K- byte) 


23FFFF 
(256K-byte) 


27FFFF 
(512K-byte) 


2FFFFF 
(IM-byte) 


3FFFFF 
(2M-byte) 




400000 


400000 


400000 


400000 
1 


400000 
1 


400000 

s 


400000 
S 


40 


1 

407FFF 
(32K-byte) 


40FFFF 
(64K-byte) 


41FFFF 
(128K-byte) 


43FFFF 
(256K-byte) 


47FFFF 
(512K-byte) 


4FFFFF 
(IM-byte) 


5FFFFF 
(2M-byte) 




800000 


800000 


800000 


800000 


800000 
\ 


800000 

1 


800000 
I 


80 


\ 

807FFF 
(32K-byte) 


5 

80FFFF 
(64K-byte) 


81FFFF 
(128K-byte) 


J 

83FFFF 
(256K-byte) 


87FFFF 
(512K-byte) 


8FFFFF 
(IM-byte) 


9FFFFF 
(2M-byte) 



MCU900-294 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C031N/F 



3.6.3 Default Address Space Specification (BOCS to 
B2CS < BOARE to B2ARE> = "0") 

The following figures show th e actu al chip select image. CSO 
can specify 7F00H to 7FFFH, CS1 can specify 80H to 7FFFH, 
and CS2 can specify 8000H to 3FFFFFH. This is because 
external connection of devices (such as RAM or I/O) other than 

ROM is considered. 

The area 7F00 to 7FFFH (256-byte space) for CSO is 



mapped in this space mainly due to external I/O expansion 
consideration. 

Th e area 80H to 7FFFH (approximately 32K-byte space) 
for CS1 is mapped in this space mainly due to external RAM 
expansion consideration. 

The area BQOOH to 3FFFFFH (approximately 4M-byte 
space) for CS2 is mapped in this space mainly due to external 
ROM expansion consideration. 



CSO 



CS1 



CS2 



7F00H 
8000H 



FFFFFFH 




80H 
8000H 



FFFFFFH 




8000H 
3FFFFFH 



FFFFFFH 




(Mainly for I/O) 



(Mainly for RAM) 



(Mainly for ROM) 



Supplement 1 : The access priority is in th e ord er of bu ilt-in I/O and chip select/wait controller. 

Supplement 2: Wait for spaces other than CSO to CS3 is set with BOCS register <BEXW1 ,0> and the data bus width is fixed to 1 6-bit if the AM8/1 6 pin is "0" 
and to 8 bits if it is "1". 

Note: When usin g the chip select/wait controller, do no t assi gn multiple definitions to the same address area. (However, if CSO is set to 7F000H to 

7FFFH and CS1 is set to BOH to 7 FFFH, only the CSO setting/pin is active in the overlapped address space 7F00H to 7FFFH.) 
When the bus is opened (BUSAK = "0"), CSO to CSS pins are also opened (output buffer OFF). Refer to the note on bus open in section "3.5 
Port Functions" for the pin status at this point. 
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3.6.4 Example of Usage Figure 3.6 (6) is an example (1) in which an external 

memory is connected to the TMP96C031 F. In this 

(1 ) Connection example 1 example, a ROM is connected using 1 6-bit Bus; a 

RAM is connected using 8-bit Bus. 



TMP96C031F 



M 

GND 



cso 

CS1 
CS2 
CS3 
ALE 
ADS 
S 

AD15 



ADO 

s 

AM8/16_ 

RDb-» 



WR > 



74HC573 



D Q 



Q 
LE 



Address bus 



cs 

Upper byte 
ROM 



CS 

Lower byte 
ROM 



CS 
8-bit Bus 

_ MM 



CS . 
8-bit Bus 

I/O 



7y 



8-bit Bus 
RAM 



Figure 3.6 (7). Example of External Memory Connection (ROM = 16-bit, RAM and I/O = 8-bit) 



After a reset, the CSO - CSS pins are se t to out put p ort 
mode; 1 is output from CSO, CS1 , and CSS; from CS2. 



The program used to set these pins is as follows: 
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P4FC 


EQU 


10H 




BOCS 


EQU 


68H 




B1CS 


EQU 


69H 




B2CS 


EQU 


6AH 




BSCS 


EQU 


6BH 




MSAR3 


EQU 


46H 




MAMR3 EQU 


47H 




LD 


(BOCS). 


10010000B 


CSO = 8-bit, 2WAIT, 7F00H ~ 7FFFH. 2WAIT other than in CSO ~ CSS areas 


LD 


(B1CS), 


100111XXB 


CST= 8-bit, OWAIT, BOH ~ 7FFFH 


LD 


(B2CS), 


100001XXB 


CS2= 16-bit, 1WAIT, 8000H ~ SFFFFFH 


LD 


(BSCS), 


10111100B 


CSS = 8-bit, OWAIT. address area specification (400000H ~ 407FFFH) 


LD 


(MSARS), 


01000000B 


CSS start address: 400000H 


LD 


(MAMRS). 


OOOOOOOOB 


CSS area = 32K-byte 


LD 


(P4FC). 


XXXX1111B 


CSO ~ CSS output mode 


Note: 


X: don't care 







(2) Connection example 2 

Figure 3.6 (7) is an example (2) in which an extemal 



memory is connected to the TMP96C031 . In this 
example, the ROM, RAM, and I/O are connected with 
8-bit width. 



VCC 



CS1 O 
CS2 



CS3 
ALE 
A8 

S 

A15 

ADO 

S 

AD7 
AM8/T6_ 
RD 
WR 



74HC573 



Tin 

8-bit Bus 
_ ROM 



TIL 

8-bit Bus 

RAM 

OE WE 



8-bit Bus 
I/O 



7T 



JSZ. 



8-blt Bus 
RAM 



7V 



Figure 3.6 (8). Example of External Memory Connection (ROM = 16-bit, RAM and I/O 
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After a reset, the CSO - CS3 pins are se t to out put p ort The program used to set these pins is as follows: 

mode; 1 is output from CSO, CS1 , and CSS; from CS2. 



P4FC 


EQU 


lUH 




BOCS 


EQU 


Don 




81 CS 


EQU 


byri 




B2CS 


EQU 


DAM 




B3CS 


EQU 


DDn 




MSAR3 


EQU 


46H 




MAMR3 EQU 


47H 




LD 


(BOCS), 


10010000B 


CSO = 8-bit, 2WAIT, 7F00H ~ 7FFFH. 2WAIT other ttian in CSO ~ CS3 areas 


LD 


(B1CS). 


100111XXB 


CST= 8-bit, 0WAIT,80H~7FFFH 


LD 


(B2CS), 


100001XXB 


CS2= 16-bit, IWAIT, 8000H ~ 3FFFFFH 


LD 


(BSCS). 


10111100B 


CS3 = 8-bit, OWAIT. address area specification (400000H ~ 407FFFH) 


LD 


(MSAR3), 


01000000B 


CS3 start address: 400000H 


LD 


(MAMR3), 


OOOOOOOOB 


CS3area = 32K-byte 


LD 


(P4FC), 


XXXX1111B 


CSO ~CS3 output mode 


Note: 


X: don't care 
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3.6.5 How to Start with an 8-Bit Data Bus Resetting sets the CS2 pin low due to an internal pull-down 

(with AM8/16 = "0") resistor; memory access starts In 1 6-bit data bus (2 -wait) 

mode. To start in 8-bit data bus mode, a special operation is 
required. Operation is as described in the example below: 



B2CS EQU 6AH 
ORG 8000H 
LDX {B2CS). 9CH 



CS2 register address 

RESET address 

CS2 8-bit, OWAIT.SOOOH- 



After reset, the program reads the LDX (B2CS), 9CH 
instruction in 1 6-bit data bus mode. LDX is a 6-byte instruc- 
tion: the 2nd, 4th and 6th bytes are handled as dummies (i.e., 
only codes in the 1st, 3rd and 5th bytes are actually used). 
Even if starting in 8-bit data bus mode, it is possible to pro- 
gram so that the LDX instruction is executed and the block 2 



area (8000H - 3FFFFFH) is accessed in 8-bit data bus mode 
without any problem. 

The above program does not include setting the P42/ 

CS2 pin to output; add a program to set the P4CR and P4FC 
registers as required. 



TLCS-900 
{TMP96C031) 



Address latch 



AD8~15 



AD0~7 
ALE 
RD 
CS2 



D Q 
G 



D Q 
G 



A15 
i 

A8 

A7 
i 

AO 

D7 

I 

DO 
OE 
CS 



Operation after reset 



TLCS-900 



ROM 



8000H 
800 IH 

8002 H 

8003 H 
8004H 
8005H 



F7 




F7 


?? 


?? 


00 


6A 


6A 




?? 


00 


9C 


9C 




?? 


00 







y LDX (6AH), 9CH 



?? = don't care 
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3.7 8-bit Timers 

TMP96C031 F contains four 8-bit timers (tinners 0, 1 2, and 3), 
each of which can be operated independently. The cascade 
connection allows these timers to be used as two 1 6-bit tim- 
ers. The following four operating modes are provided for the 8- 
bit timers. 

• 8-bit interval timer mode (4 timers) Wrtwo 8-bit buses or 

• 16-bit interval timer mode (2 timers) ^nei6-bitbuscanbeused. 

• 8-bit programmable square wave pulse generation (PPG: 
variable duty with variable cycle) output mode (2 timers) 

• 8-bit pulse width modulation (PWM: variable duty with con- 
stant cycle) output mode (1 timer) 



Figure 3.7 (1) shows the block diagram of 8-bit timer 
(timer and timer 1). 

Timers 2 and 3 have the same circuit configuration as 
timers and 1 . However, timer has an external clock, pin TIO, 
whereas timer 2 does not. 

Each interval timer consists of an 8-bit up counter, 8-bit 
comparator, and 8-bit timer register. Timer flip-flop (TFE1) is 
provided for timers and 1 ; TFE3 timer 2 and 3. 

Among the input clock sources for the interval timers, the 
internal clocks of 0T1 , 0T4, 0T1 6, and 0T256 are obtained 
from the 9-bit prescaler shown in Figure 3.7 (2). 

The operation modes and timer flip-flops of the 8-bit 
timer are controlled by three control registers T01 MOD, 
T23MOD, TFFCR, TRUN, and TRDC. 
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TFFCR<FF1C1,0> 



TRUN<TORUN> 



TlOpin — 

^T1 ^ 

^T4 — 
^T16 



1 1 

T01MOD<T0CLK1,0> 




f [ Register buffer | 

TRDC<TRODE> ^ " f^ 



Figure 3.7 (1). Block Diagram of 8-Bit Timers (Timers and 1) 
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® Prescaier 

This 9-bit prescaier generates the clock input to the 
8-bit tinners, 1 6-bit timer/event counters, and baud rate 
generators by further dividing the fundamental clock (fc) 
after it has been divided by 4 (fc/4). 



Among them, 8-bit timer uses 4 types of clock: 
0T1 , 0T4, 0T16, and 0T256. 

This prescaier can be run or stopped by the timer 
operation control register TRUN <PRRUN>. Counting 
starts when <PRRUN> is set to "1 while the prescaier is 
cleared to zero, and stops operation when <PRRUN> is 
set to "0". Resetting clears <PRRUN> to "0", which 
clears and stops the prescaier. 



Cyde 



clock ^""'^^•"-^ 


20MH2 


?5T1 (8/fc) 


400ns 


^T4 (32/fc) 


1.6//S 


^5T16(128/fc) 


6.4/ys 


y5T256 (2048/fc) 


102//S 



?5T0 



Oscillator 


fc r 


circuit 













43= 



^T2 <5T4 ^T8 <5T16 ^T32 j564 ,j128 ^T256 
t t t t t f T T t 



2 3 4 5 6 
9-bit prescaier 



I run/stop & clear 
TRUN <PRRUN> 




Figure 3.7 (2). Prescaier 
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(D Up-counter 

This is an 8-bit binary counter counted by an input 
clock specified by mode register T01 MOD for timers 
and 1 , or mode register T23MOD for timers 2 and 3. 
Input clocks for timer or 2 can be selected from internal 
clocks <f)T^ , 0T4, and 0T1 6 depending to the value set in 
the TIO pin can also be selected. 

The input clock of timer 1 or 3 depends on the oper- 
ation mode; in 1 6-bit timer mode, timer 0/2 overflow out- 
put is used as the output clock. When set to any other 
mode than 1 6-bit timer mode, the input clock is selected 
from the internal clocks 0T1 , ^T16, and 0T256 as well 
as the comparator output (match detection signal) of 
timer according to the set value of T01 MOD register or 
T23MOD. 

Example: When T01 MOD <T01 M1 ,0> = 01 , the over 
flow output of timer becomes the input 
clock of timer 1 (1 6-bit timer). 
When T01 M0D7, 6 = 00, T01 M0D3, 2 = 
01 , 0T1 (8/fc) becomes the input of timer 
1 (8-bit timer). 

Operation mode is also set by T01 MOD register and 
T23MOD register. When reset, it is initialized to T01MOD 
<T01 Ml , 0> = 00, T23MOD <T23M1 , 0> = 00 whereby 
the up-counter is placed in the 8-bit timer mode. 



The counting and stop and clear of up-counter can 
be controlled for each interval timer by the timer opera- 
tion control register TRUN. When reset, all up-counters 
will be cleared to stop the timers. 

(D Timer register 

This is an 8-bit register for setting an interval time. 
When the set value of timer registers TREGO, TREG1 , 
TREG2, TREG3 matches the value of up-counter, the 
comparator match detect signal becomes active. If the 
set value is OOH, this signal becomes active when the up- 
counter overflows. 

Timer register TREG0/TREG2 is of double buffer 
structure, each of which makes a pair with register buffer. 

TREG0/TREG2 is used to control enable/disable of 
the double buffers according to the timer register double 
buffer control register, TRDC <TRODE, TR2DE>. It is dis- 
abled when <TR0DE>/<TR2DE> = and enabled when 
they are set to 1 . 

In the condition of double buffer enable state, the 
data is transferred from the register buffer to the timer 
register when the 2" - 1 overflow occurs in PWM mode, 
or at the PPG cycle in PPG mode. 

When reset, it will be initialized to <TRODE>/ 
<TR2DE> = to disable the double buffer. To use the 
double buffer, write data in the timer register, set 
<TR0DE>/<TR2DE> to 1 , and write the following data in 
the register buffer. 
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Up-counter 

_JL_ 

Comparator 



Timer registers 0/2 







Shift trigger 


Register buffers 0/2 




\ 

Write 





Selector 



3 <TR0DE>/<TR2DE> 



Internal bus 



Matching detection of PPG 
- cycle 
2n - 1 overflow of PWM 



Figure 3.7 (3). Configuration of Timer Register 0/2 

Note: Timer register and the register buffer are allocated to the same memory address. When <TR0DE>/<TR2DE> = 0, the same value is written in the reg- 
ister buffer as well as the timer register, while when <TR0DE>/<TR2DE> = 1 only the register buffer is written. 



The memory address of each timer register is as fol- TREG2: 000026H 

lows. TREG3: 000027H 

TREGO: 000022H All registers are write-only and cannot be read. 
TREG1:000023H 
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T0 1 MOD 
(0024H) 





7 6 


5 4 


3 2 


1 


bit Symbol 


T01M1 i T01M0 


PWM01 i PWMOO 


T1CLK1 ; T1CLK0 


T0CLK1 i TOCLKO 


Read/Write 


R/W 


R/W 


RAW 


RW 


After reset 
















00: 8-bit Tinner 


00: - 


00: TOOTRG 


00: TIO 


Function 


01: 16-bit Timer 


01: 26- 1 PWM 


01: ^T1 


01: ,jT1 


10: 8-bit PPG 


10:27-1 cycle 


10: ^T16 


10: ^T4 




1 1 : 8-bit PWM 


11: 28-1 


11: /T256 


11: ^T16 



J , I , I 



Input clock of timer 



00 


External clock TIO 




01 


Internal clock f(T1 




10 


Internal clock ^T4 




n 


Internal clock f(T16 




Input clock of timer 1 






T01MOD7. 6=1^01 


T01MOD7,6 = 01 


00 


Comparator output of 
timer 


Overflow output of 
timer 

(16-bit timer mode) 


01 


Internal clock yiTI 


10 


Internal clock ^T16 


11 


Internal clock <»T256 





Select PWM cycle 

("Don't care" except in PWM mode) 



00 




01 


26-1 


10 


27-1 


11 


2S-1 


Set the operation mode of timer and 1 


00 


Two 8- bit timers 
(timer and timer 1) 


01 


16-bit timer 


10 


8-bit PPG output 


11 


8-bit PWM output (timer 0) 
+ 8-bit timer (timer 1) 



Figure 3.7 (4). Timer 0, 1 Mode Register (T01MOD) 
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7 6 


5 


4 


3 2 


1 




bit Symbol 


T23M1 ! T23M0 


PWM 21 


PWM20 


T3aK1 : T3CLK0 


T2CLK1 i T2CLK0 


T23MOD 


Read/Write 


RAW 


R/W 


R/W 


R/W 


(0028H) 


After reset 





















00: 8-bit Timer 


00: - 




00: T02TRG 


00: - 




Function 


01: 15-bit Timer 


01:26-1 


PWM 


01: f(T1 


01: fiTI 




10: 8-bit PPG 


10: 27-1 


cycle 


10: yiTie 


10: ^T4 






1 1 : 8-bit PWM 


11: 28-1 




11: ^T256 


11: ^T16 



J , I , L 



Input clock of timer 2 



00 






01 


Internal clock ^T1 




10 


Internal clock ^TA 




11 


Internal clock yST16 




Input clock of timer 3 






T01MOD7, 6=^01 


T01MOD7,6 = 


01 


00 


Comparator output of 
timer 2 


Overflow output of 
timer 2 


01 


Internal clock ^T1 




10 


Internal clock ^T16 


(16-bit timer mode) 


11 


Internal clock ^T256 




Select PWM2 cycle 

("Don't care* except in PWM mode) 


00 






01 


26-1 




10 


27-1 




11 


28-1 




Set the operation mode of timer 2 and 3 


00 


Two 8-bit timers 
(timer 2 and timer 3) 




01 


16-bit timer 




10 


8-bit PPG output 




n 


8-bit PWM output (timer 2) 
♦ 8-bit timer (timer 3) 





Figure 3.7 (5). Timer 2,3 Mode Register (T23MOD) 
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TFF3 IfFI 

I 1 [ 



TFFCR 
(0025H) 





7 6 


5 


4 


3 I 2 i 1 





bit Symbol 


1 rrjU 1 1 rr3v,u 


TFF3IE 


TFF3IS 


TFF1C1 I TFF1C0 


i TFF1IE 


TFF1IS 


Read/Write 


w 


R/W 


W 


R/W 


After reset 




















00: Invert TFF3 


1: 


0: 


00: Invert TFF1 


: 1: 


0: 




01: Set TFF3 


TFF3 


Inversion 


01: Set TFF1 


jTFFI 


Inversion 




10: Clear TFF3 


Invert 


of 8-bit 


10: Clear TFF1 


: Invert 


of 8-bit 


Function 


1 1 : Don't care 


Enable 


timer 2 


1 1 : Don't care 


j Enable 


timer 

1: 








1: 

Inversion 






Inversion 








of timer 3 






of timer 1 



Select inverse signal of timer F/F (TFF1) 
("Don't care" except in 8-bit timer mode) 






Inversion of timer 


1 


Inversion of timer 1 


Inversion of Timer F/F(TFF1) 





Disable 


1 


Enable 


Control of Timer F/F {TFF1) 


00 


invert the value of TFF1 
(software inversion) 


01 


SetTFFI toT. 


10 


Clear TFF1 to"0". 


11 


Don't Care (Always read as " 11 ") 


Select inverse signal of timer F/F (TFF3) 
("Don't care" except in 8-bit timer mode) 





Inversion of timer 2 


1 


Inversion of timer 3 


Inversion of Timer F/F (TFF3) 





Disable 


1 


Enable 


Control of Timer F/F (TFF3) 


00 


Invert the value of TFF3 
(software inversion) 


01 


SetTFF3 to'T. 


10 


Clear TFF3 to "0". 


11 


Don't Care (Always read as " 11 ") 



Figure 3.7 (6). 8-Bit Timer Flip-Flop Control Register (TFFCR) 
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16-bit Timer 8-bit Timer 
I \ 



TRUN 
(0020H) 





7 


6 


5 


4 3 


2 


1 





bit Symbol 






PRRUN 


T4RUN : T3RUN 


T2RUN 


T1RUN 


TORUN 


Read/Write 




R/W 


After reset 






! i i i 





Function 




Prescaler & Timer Run / Stop Control 

0: Stop & Clear 
1 : Run (Count up) 



'-♦•Operation of timer 

Stop and clear 

1 Count 



" — ^-Operation of timer 1 

Stop and clear 

1 Count 



' ♦■Operation of timer 2 

Stop and clear 

1 Count 



-Operation of timer 3 

Stop and clear 

1 Count 



Operation of 1 6-bit timer (timer 4) 

Stop and clear 

1 Count 



-Operation of prescaler 

Stop and clear 

1 Count 



Figure 3.7 (7). Timer Operation Control Register (TRUN) 
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TRDC 
(0029H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 














TR2DE 


TRODE 


ReadA/Vrite 














R/W 


After reset 

















Function 














0: Ouble Buffer 
Disable 

1: Duble Buffer 
Enable 



Double Buffer Control of Timer Register 






Disable 


1 


Enable 



Double Buffer Control of Timer Register 2 






Disable 


1 


Enable 



Figure 3.7 (8). Timer Register Double Buffer Control Register (TRDC) 
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® Comparator 

A comparator compares the value in the up-counter 
with the values to which the timer register is set. When 
they match, the up-counter is cleared to zero and an 
interrupt signal (INTTO, INTT1, INTT2, INTT3) is gener- 
ated. If the timer flip-flop inversion is enabled, the timer 
flip-flop is inverted at the same time. 



The operation of 8-bit timers will be described below: 
(1) 8-bit timer mode 

Four interval timers 0, 1 , 2, 3, can be used indepen- 
dently as 8-bit interval timer. All interval timers operate 
in the same manner, and thus only the operation of 
timer 1 will be explained below. 



(D Timer flip-flops (timer F/F) 



® Generating interrupts in a fixed cycle 



The timer flip-flops are inverted according to the 
interval timer match detect signal {comparator output). 
The signal can output a value to the timer output pins 
T01 (also used as P70) and T03 (also used as P71). 

There are two timer flip-flops: TFF1 for timers and 
1 ; TFF3 for timers 2 and 3. TFF1 is output to the T01 pin; 
TFF3 to theT03pin. 

T0 3 (also used as P71) is multiplexed using the 
DMUX pin; setting must be done using the port 7 control 
registers (P7CRL and P7CRH). 



To generate timer 1 interrupt at constant intervals using 
timer 1 (INTT1), first stop timer 1 then set the operation 
mode, input clock, and a cycle to T01 MOD and 
TREG1 register, respectively. Then, enable interrupt 
INTT1 and start the counting of timer 1 . 

Example: To generate timer 1 interrupt every 40 
microseconds at fc = 1 6MHz, set each 
register in the following manner. 



MSB 

7 6 5 4 3 



TRUN <_ - - 
T01MOD 



2 1 
- 



1 



LSB 




TREG1 ^01101000 
INTET10 ^ 1 1 1 - - - - 
TRUN <_ X X 1 - - - 1 - 
Note: x; don't care -; no change 



Stop timer Land clear it to"0". 

Set the 8-bit timer mode, and select 0T1 

(0.5ns @ fc = 16MHz) as ttie input clock. 
Set the timer register at 40ps 0T1 = 50H. 
Enable INTTI , and set it to "Level 5". 
Start timer 1 counting. 



Use the following table for selecting the input clock. 

Table 3.7 (1) 8-Bit Tinner Interrupt Cycle and Input Clock 



input Ciocic 


interrupt Cycle 
(atfc=:20iVIHz) 


Resolution 


0T1 (8/fc) 


0.4ms ~ 102.4ms 


0.4ms 


0T4(32/fc) 


1.6ms ~ 409.6ms 


1.6ms 


0T16(128/fc) 


6.4ms ~1.638ms 


6.4ms 


0T256(2O48/fc) 


102.4ms ~ 2.621ms 


102.4ms 
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(2) Generating a 50% duty square wave pulse 

The timer flip-flop is inverted at constant intervals, and 
its status is output to timer output pin (T01). 



Example: To output a 2.4ns square wave pulse from 
T01 pin at fc = 20MHz, set each register in 
the following procedures. Either timer or 
timer 1 may be used, but this example uses 
timer 1 . 



MSB LSB 

7 6 5 4 3 2 1 
TRUN ^------0- 

T01MOD <- X X 1 - - 

TREG1 ^ 1 1 

TFFCR 1 1 1 

P7CRL 1 

TRUN ^ X X 1 - - - 1 - 

Note: x; don't care -; no change 



Stop timer 1, and clear it to "0". 

Set the 8-bit timer mode, and select 0T1 as ttie input clock. 

Set the timer register at 2.4ms +0T1 +2 = 3. 

Clear TFF1 to "0", and set to invert by the match detect signal from timer 1. 

Select P71 asT01 pin. 
Start timer 1 counting. 




Figure 3.7 (9). Square Wave (50% Duty) Output Timing Chart 
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Making timer 1 count up by match signal from timer 
comparator 



Set the 8-bit timer mode, and set the comparator out- 
put of timer as the input clock to timer 1 . 



Comparator output rj 11 

(Timer match) ' ' ' ' 

Ti-erO up-counter Z)(IXI)(±XIXlXIXD(^^ 

(when TREGO = 5) f v—^ w_# -r w 

Timer 1 up-counter 1 X 2 X 1 

(when TREG1 = 2) 

Timer 1 match output ^ 



Figure 3.7 (10). Timer 1 Count Up by Timer 



® Output inversion with software 



(2) 16-bit timer mode 



The value of timer flip-flop (Timer F/F) can be inverted, 
independent of timer operation. 
Writing "00" into TFFCR <TFF1 C1 , 0> inverts the value 
of TFF1 , writing "00" into TFFCR <FF3C1 , 0> inverts 
the value of TFF3. 



initial setting of timer flip-flop (Timer F/F) 



, inde- 



The value of TFF1 can be initialized to "0" or "1 " 
pendent of timer operation. 
For example, write "10" in TFFCR <TFF1C1 , 0> to 
clear TFF1 to "0", while write "01 " in TFFCR <TFF1 C1 , 
0>tosetTFF1 to"1". 



A 1 6-bit interval timer is configured by combining tim- 
ers and 1 , or timers 2 and 3. 
Timers and 1 combined function the same as timers 
2 and 3. A combination of timers and 1 is used for 
explanation here. 

To configure a 1 6-bit timer by cascade-connecting tim- 
ers and 1 , set the mode register, T01 MOD 
<T10M1,0>, to 00. 

Setting 1 6-bit timer mode the input clock for timer 1 to 
timer overflow output regardless of the value set in 
the clock control register, TCLK. 



Note: The value of timer register and tinner flip-flop cannot be read. 
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Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock 



Input Clock 




Interrupt Cycle 
(at fcn 20MHz) 


Resolution 


0T1 (8/fc) 




0.4ns ~ 26.214ms 


0.4ms 


0T4(32/fc) 




1.6ms ~ 104.857ms 


1.6ms 


0T16(128/fc) 




6.4|js~ 419.430ms 


6.4ms 



The lower 8-bit of the timer (interrupt) cycle are set by the 
timer register TREGO, and the upper 8 bits are set by TREG1 . 
Note that TREGO always must be set first. (Writing data into 
TREGO disables the comparator temporarily and the compar- 
ator is restarted by writing data into TREG1 .) 

Setting example: To generate an interrupt INTT1 every 
0.4 seconds at fc = 20MHz, set the 
following values for timer registers 
TREGO and TREG1: 

When counting with input clock of 
0T1 6 (8ms @ 1 6MHz) 0.4 sec 4^8 
= 62500 = F424H 



The comparator match signal is output from timer 
each time the up-counter UCO matches TREGO, where the 
up-counter UCO is not to be cleared. 

INTO is not to be generated at this time, either. 

With the timer 1 comparator, the match detect signal is 
output at each comparator timing when up-counter UC1 and 
TREG1 values match. When the match detect signal is output 
simultaneously from both comparators of timer and timer 1 , 
the up-counters UCO and UC1 are cleared to "0", and the 
interrupt INTT1 is generated. If inversion is enabled, the value 
of the timer flip-flop TFF1 is inverted. 



Therefore, set TREG1 = F4H and 
TREGO = 24H, respectively. 





Timer 


Timer 1 


INT TO 


TGI 


Match value 


INTT1 


TGI 


Match value 


16-bit timer mode 
1 counts up timer 1 by A 
I timer overflow, j 


Interrupt 
generation 


Output enable 


TREGO 

f counts up A 
1 even at 1 
Vmatch J 


Interrupt 
generation 


Output enable 


TREG1.28 
+ TREGO 
(full 16-bit) 


8-bit timer mode 
r counts up timer 1 by A 
I timer match J 


Interrupt 
generation 


Output 

enabled 

r either timerA 

\JD or 1 J 


TREGO 

I dean at A 
I match J 


Interrupt 
generation 


Output 
enabled 
AeithertimerA 
1^0 or 1 J 


TREGU 
TREGO 

1 multiplied A 
V^value J 



Example : When TREG1 = 04H and TREGO = 80H 



Value of up-counter 
(UCI, UCO) 

Timer comparator 
match detect signal 

Interrupt INTT1 
Timer output T01 



OOOOH 0080H 



0400H 
0380H 0480H 



Inversion 



Figure 3.7 (11). Output Timer by 16-Bit Timer Mode 
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(3) 8-bit PPG (Programmable Pulse Generation) Output 
mode 

Square wave pulse can be generated at any frequency 
and duty by timer or timer 1 and timer 0. The output 
pulse may be either low-active or high-active. In this 



mode, timer 1 cannot be used. 

With timer 0, data are output to the T01 pin (also used 

as P70); with timer 2, to the T03 pin (also used as 

P71). 



Timer is explained here because operation is the same as timer 2. 



TREGO and UCI match 

(Interrupt INTTOr 
TREG1 and UCI match _ 



JL 



T01 ^ 














TREGO 






*TREG1 





TlOpin 

^T16 
^T256 



8-bit 

Up-counter (UCO) 



Comparator 



Shift trigger 



Register buffer 



Comparator 



T f T T 



Figure 3.7 (12). Block Diagram of 8-Bit PPG Output Mode 
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When the double buffer of TREGO is enabled in this Use of the double buffer makes easy handling of low duty 

mode, the value of register buffer will be shifted in TREGO each waves (when duty is varied), 
time TREG1 matches UCO. 



Match with TREGO 



Match with TREG 1 



TREGO 

(Value to be compared) 



Register buffer 



(Up-counter = Q,) 


I 


(Up-counter = Qj) 




Shift from register buffer 


Ql 




Q2 




Q2 




«3 



Write to register buffer 



Example: Generating 1/4 duty 62.5kHz pulse @ fc = 20MHz) 



Calculate the value to be set for timer register. 
To obtain the frequency 62.5kHz, the pulse cycle t 
should be: t = 1 /62.5kHz = 1 6ms. 
Given 0T1 = 0.4ms @ 20MHz), 
16ms -0.4ms = 40 



Consequently, to set the timer register 1 (TREG1) to 
TREG1 = 40 = 28H and then duty to 1/4, t x 1/4 = 
16msx 1/4 = 4ms 

4ms-0.4ms = 10 
Therefore, set timer register (TREGO) to TREGO = 1 
= 0AH. 
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MSB LSB 

7 6 5 4 3 2 1 

TRUN «-xx----00 Stop timer 0, and clear it to "0". 

T01MOD ^ 1 X X X X 1 Set the 8-bit PPG mode, and select 0T1 as input clock. 

TFFCR ^ _ - - _ 1 1 X Sets TFF1 and enables the inversion and double buffer enable, 



' ' ► Writing "10" provides negative logic pulse. 

TREGO <- 1 1 Write "OAH". 

TREG1 ^ 1 1 Write "28H". 

P7CRL ^------1 SetP70astheT01pin. 

TRUN <- X X 1 - - - 1 1 Start timer and timer 1 counting. 
Note: x; don't care -; no change 



(4) 8-bit PWM Output mode (Pulse Width Modulation) 

Mode used for timers 1 and 3. Up to 2 PWMs with a 
resolution of 8-bit (PWM1 and PWMS) pulse can be 
output. 

With timer 1 , PWM is output to the T01 pin (also used 
as P70); with timer 3, to the T03 pin (also used as 
P71). 

Timer or 2 is used as an 8-bit timer. 
Timer 1 (PWM1) is explained here because the opera- 
tion is the same as timer 3. 
Timer output is inverted when up-counter (UC1) 



matches the set value of timer register TREG or when 
2n - 1 (n = 6, 7, or 8; specified by T01 MOD) counter 
overflow occurs. Up-counter UC1 is cleared when 2n - 
1 counter overflow occurs. For example, when n = 6, 
6-bit PWM will be output, while when n = 7, 7-bit PWM 
will be output. 

To use this PWM mode, the following conditions must 
be satisfied. 

(Set value of timer register) < (Set value of 2" - 1 

counter overflow) 

(Set value of timer register 0) 
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match 
(interrupt INTTl) 



2n-1 
overflow 

T01 




8-bit PWM waveforms 



TIO- 
^Tl- 
^T4- 
^T16- 



t t 



TMOD <T0CLK1,0> 



TREGO-WR-*^ 



TRUN <TORUN> 



8-bil up-counter 
(UCO) 



Comparator 

<T 



TREGO 

'~7% — 



Shift trigger 



Register buffer 



TFFCR<DBEN> 



T01 



2n,1 

overflow 



TMOD 

<T10M1,0> = 
TMOD 

<PWMM1.0> 



TFFCR 
C: <TFF1C1.0, 
TFF1IE,TFF1IS> 



Figure 3.7 (13). Block Diagram of 8-Bit PWM Waveforms 



In this mode, the value of register buffer will be shifted in Use of the double buffer makes the handling of small 

TREGO if 2"^ - 1 overflow is detected when the double buffer of duty waves easy. 
TREGO is enabled. 



Match with TREGO 
2" - 1 overflow 



TREGO 

(value to be compared) 



Register buffer 



(Up-counter = Qi) 


(Up-counter = Q2) 




( Shift from register buffer 


Qi 








02 


X 


Q3 



register buffer 



Operation of Register buffer 
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Example: To output the following PWM waves to T01 
pin at fc = 20MHz. 



To realize 50.8^8 of PWM cycle by 0T1 = 0.4|is (@ fc = 
20MHz), 

50.8ns -0.4|js= 127 = 2"- 1 











* 50.8//i * 



Consequently, n should be set to 7. 
As the period of low level is 36ns, for 0T1 = 0.4ns, set the 
following value for TREGO: 



36ns - 0.4ns = 90 = 5AH 



MSB LSB 

7 6 5 4 3 2 1 

TRUN <-xx-----0 Stop timer 0, and clear it to "0". 

T01MOD f- 1 1 1 - - 1 Set 8-bit PWM mode (cycle : 2^ - 1) 

and select 0T1 as the input clock. 

TFFCR <----- 1 1 X Clears TFF1, enables the inversion and double buffer. 

TREGO ^01011010 Write "5AH". 

P7CRL SetPZOastheTOIpin. 

TRUN f- X X 1 - _ _ - 1 Start timer counting. 

Note : x; don't care -; no change 



Table 3.7 (3) PWM Cycle and the Setting of 2" - 1 Counter 





PWM Cycle (@fc»:20 MHz) 


0T1 


0T4 


0T16 


26_1 


25.2Msec (39.0kHz) 


lOOpsec (10.0kHz) 


4.03mseG (2.4kHz) 


2^-1 


50.8Msec (19.7kHz) 


203Msec (4.9kHz) 


812msec (1.2kHz) 


28.1 


102)jsec (9.80kHz) 


408Msec (2.4kHz) 


1.63msec (0.61kHz) 
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(5) Table 3.7 (4) shows the list of 8-bit timer modes. 



Table 3.7 (4) Timer Mode Setting Registers 



Timer Mode 
(8-bit timer x2cliannel) 


Mode 
T01M 
(T23M) 


PWMO 
(PWM2) 


Upper Input 
T1CLK 
(T3CLK) 


Lower Input 
TOCLK 
(T2CLK) 


Invert Select 
FF1IS 
(FF3iS) 


16-bit timer 

(Full16-bit)x1channel 


01 






(External clock. 
0T1.4.16) 




8-bit timer 

(8-bit X 8-bit mode x 1 channel) 

( f^nmnarfltrir ni itni it f rnm thp Inwpr timpr i<i 

input to ttie upper timer.) 


00 




00 


(External clock. 
0T1.4.16) 


0: Lower timer 
1 : Upper timer 


8-bit timer x 2channel 


00 




(0T1.T16,T256) 


(External clock, 
0T1.4,16) 


0: Lower timer 
1 : Upper timer 


8-bit PPGxIctiannel 


10 






(External clock. 
0T1.4.16) 




8-bit PWMxIctiannel (Lower) 
8-bit timer x 1 channel (Upper) 


11 


PWM cycle 


(0T1.T16,T256) 


(External clock, 
0T1,4.16) 





Note: -: don't care 
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3.8 16-Bit PWM Timer 

The TMP96C031 F contains one (timer 4) multifunctional 1 6-bit 
timer/event counter with the following operation modes. 

• 16-bit interval timer mode 

• 1 6-bit event counter mode 

• 1 6-bit programmable pulse generation mode 

• Frequency measurement mode 

• Pulse width measurement mode 

• Time differential measurement mode 



Timer/event counter consists of 16-bit up-counter, two 
1 6-bit timer registers, two 1 6-bit capture registers (One of 
them applies double-buffer), two comparators, capture input 
controller, and timer flip-flop and the control circuit. 

Timer/event counter is controlled by 4 control registers: 
T4M0D, T4FFCR. TRUN and T45CR. 

Figure 3.8 (1) shows the block diagram of 16-bit timer/ 
event counter (timer 4). 
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upper byte 



T4M0D<CAP1IN> 



Lower byte 





Upper byte 



Capture register 1 
CAP1 



Software Capture TT" I 



Capture 
control 



T4MOD \ ' 

<CAP12M1,M0> ^ , " 



16-bit up-counter 
UC4 



T4MOD<T4CLK1,0> 



TRUN< T4RUN> 

I 



TREG4 



Register buffer4 



7^ 



Lower byte 



Capture register 2 
CAP2 



Trigger 



TRUN<T4RUN: 



T4M0D<CLE> 



T4MOD<CAP2T5, EQ5T5> 
T4FFCR 





Match 






Comparator 
CP4 


detection 




Comparator 
CPS 





it 



TFF4 [ —-704 
► T05 



TFF5 [ — 



PGO 2« 

shift HK 

trigger^^ 



Match 
detection 



7T 



7> T45CR<0B4EN> 

Upper byte I f J [Lower byte Upper byte 

\ Internal bus 



Lower byte 



Figure 3.8 (1). Block Diagram of 16-Bit Timer (Timer 4) 
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7 6 


5 


4 3 


2 


1 


bit Symbol 


CAP2T5 I EQ5T5 


CAP 1 1N 


CAP12M1 i CAP12M0 


CLE 


T4CLK1 j T4CLK0 


ReadWrite 


IVW 


W 


R/W 


RW 


R/W 


After reset 








1 











Function 


TFF5 invert trigger 
0: Disable trigger 
1: Enable trigger 


0: Soft- 
Capture 

1 : don't 
care 


Capture timing 
00: Disable 

INT4 occurs at rise edge. 
01:T14t TISt 

INT4 occurs at rise edge. 
10:TI4T TI44 

INT4 occurs at (all edge. 
11:TFF1t TFFH 

INT4 occurs at rise edge. 


1: UC4 
Clear 
Enable 


Timer 4 source clock 

00:TI4 

01: 

10: v(T4 
11: ^T16 


Invert 
when the 
UC value is 
loaded to 
CAP2 


Invert 
when the 
up-counter 
matches 
TREG5 



L 



Timer 4 input clock 



00 


External clock (TI4) 


01 


(8/fc) 


10 


y5T4 (32/fc) 


11 


,iTl6(128/fc) 


Clearing the up-counter UC4 





Clear disable 


1 


Clear by match with TREG5. 



Figure 3.8 (2). 16-Bit Timer Mode Controller Register (T4M0D) (1/2) 
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7 6 


5 


4 i 3 i 2 i 1 i 


bit Symbol 


CAP2T5 : EQ5T5 


CAP1IN 


CAP12M1 |c:AP12M0 ; CLE ; T4CLK1 ! T4CLK0 


Read/Write 


R/W 


W 


R/W ; RW i R/W 


After reset 








1 


1 i i 





Function 


TFF5 invert trigger 
0: Disable trigger 
1 : Enable trigger 


0: Soft- 
Capture 

1: don't 
care 


Capture timing jl: UC4 i Timer 4 source clock 
00: Disable ; Clear : qq.^,^ 

INT4 occurs at rise edge, j Enable : 
01:TMt TiST 1 01:^T1 

INT4 occurs at rise edge. • i 10" ^T4 

^'^A i 11:^T16 
INT4 occurs at fall edge. : ^ 

1 1 : TFF1 t TFF1 i 

INT4 occurs at rise edge. ■ 


Invert 
when the 
UC value is 
loaded to 
CAP2 


Invert 
when the 
up-counter 
matches 
TREG5 



J 



' — Capture timing oftimerA 





Capture control 


INT4 control 


00 


Capture disable 


Interrupt occurs 
at the rise edge jt" 
of H4 (INT1) 
input. 


01 


CAP1 atTI4rise 
CAP2 atTISrise 


10 


CAPl atTI4 rise 
CAP2 atTI4fall 


Interrupt occurs — . 
at the fall edge 1_ 
of TI4 (INTl) 
input. 


11 


CAPl atTFFl rise 
CAP2 atTFFl fall 


Interrupt occurs r— 
at the rise edge 
of TI4 (INTl) 
input. 



Software capture 

The up-counter4 value is loaded to CAPl 
{software capture). 

1 Always read as "1". 



Timer flip-flop 5 (TFF5) invert trigger 

Trigger disable (Invert Prohibition) 

1 Trigger enable (Invert permission) 



CAP2T5 : Invert when the up-counter value is loaded to CAP2 
EQ5T5 : Invert when the up-counter matches TREG5 



Figure 3.8 (3). 16-Bit Timer Mode Controller Register fr4M0D) (2/2) 
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T4FFCR 
(0039H) 





7 6 


5 


4 i 3 


2 


1 i 


bit Symbol 


TFF5C1 : TFF5C0 


CAP2T4 


CAP1T4 j EQ5T4 


EQ4T4 


TFF4C1 i TFF4C0 


Read/Write 


W 


fVW 


R/W R/W 


R/W 


W 


After reset 














i 


Function 


00: Invert TFF5 
01 : Set TFF5 
10: Clear TFF5 
1 1 : don't care 

Always read as "11". 


TFF4 invert trigger 
0: Disable trigger 
1: Enable trigger 


00: Invert TFF4 
01 : Set TFF4 
10: Clear TFF4 
1 1 : don't care 

^ Always read as 
"11" 


nvert when 
Ihe UC value 
s loaded to 
CAP2 


Invert when 
the UC value 
IS loaded to 
CAP1 


Invert when 
the UC 
matchei 
TREG5 


Invert when 
the UC 
matches 
TREG4 



mer flip-flop 4 (TFF4) control 



Inverts the TFF4 value (software inversion). 

SetsTFF4to "1". 

Clear TFF4 to "0". 

Don't care (Always read as " 1 1 ") . 



L-*^ Tinfier flip-flop 4 (TFF4) invert trigger 



Trigger disable (Invert prohibition) 
Trigger enable (Invert permission) 



CAP2T4 
CAP1T4 
EQ5T4 
EQ4T4 



Invert when the up-counter value is loaded to CAP2 
Invert when the up-counter value is loaded to CAP1 
Invert when up-counter matches TREG5 
Invert when up-counter matches TREG4 



- Timer flip-flop 5 (TFF5) control 



Inverts the TFF5 value (software inversion). 

SetTFFSto "1". 

Clear TFF5 to"0". 

Don't care (Always read as " 1 1 ".) 



Figure 3.8 (4). 16-Bit Timer 4 F/F Control fr4FFCR) 
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T45CR 





7 


6 


5 


4 i 3 i 2 


1 





bit Symbol 








""""■"^^i PG1T 1 PGOT 




DB4EN 


Read/Write 


R/W 










fm 


After reset 









i : 







Function 


Fixaf'O" 






jPGI shift jPGO shift 
iTrigger -Trigger 
i0:8-blt io: 8-bit 
j Timer Trigger! Timer Trigger 
|(TimerO, 1) i (Timer 0.1) 
!1: 16-bit ii: 1 6-bit 
! Timer Trigger; Timer Trigger 
pimerS) : (Timer 4) 




Double 
buffer of 
TREG4 
0: Disable 
1: Enable 



Double buffer courttrol 



Disable 
Enable 



DB4EN : Double buffer of TREG4 



Figure 3.8 (5). 16-Bit Timer (Timer 4) Control Register (T45CR) 



16-bit timer 8-bit timer 
I 1 1 



TRUN 
(0020H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 






PRRUN 


T4RUN 


T3RUN 


T2RUN 


T1RUN 


TORUN 


Read/Write 






After reset 






i j i i 





Function 




Prescaler & Timer Run / Stop Control 

0: Stop & Clear 
1 : Run (Count up) 



Operation of 16-bit timer (timerA) 

Stop and clear 

1 Count 



Operation of prescaler 

STOP and dear 

1 Count 



Figure 3.8 (6). Timer Operation Control Register (TRUN) 
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® Up-counter 

UC4 is a 1 6-bit binary counter whicli counts up 
according to the input clock specified by T4M0D 
<T4CLK1 ,0> register. 

As the input clock, one of the internal clocks 0T1 (8/ 
fc), 0T4 (32/fc), and 0T1 6 (1 28/fc) from 9-bit prescaler 
(also used for 8-bit tinner), and external clock from TI4 
pin (also used as P72/INT4 pin) can be selected. 
When reset, it will be initialized to <T4CLK1 ,0> = 00 
to select TI4 input pin mode. Counting or stop and 
clear of the counter is controlled by timer operation 
control register TRUN <T4RUN> . 
When clearing is enabled, up-counter UC4 will be 
cleared to zero each time it coincides matches the 



timer register TREG5. The "clear enable/disable" is set 
byT4M0D <CLE>. 

If clearing is disabled, the counter operates as a free- 
running counter. 

(D Timer registers 

These two 1 6-bit registers are used to set the interval 
time. When the value of up-counter UC4 matches the 
set value of this timer register, the comparator match 
detect signal will be active. 
Setting data for timer register (TREG4 and TREG5) is 
executed using 2-byte data transfer instruction or 
using 1 -byte data transfer instruction twice for lower 
8-bit and upper 1 -bit in order. 



TREG4 
Upper 8-bit Lower 8-bit 



00003 IH 



000030H 



TRE6 5 
Upper 8-bit Lower 8-bit 



000033H 



000032H 



TREG4 timer register is of double buffer structure, 
which is paired with register buffer. The timer control 
register T45CR <DB4EN> controls whether the dou- 
ble buffer should be enabled or disabled. : disabled 
when <DB4EN> = 0, while enabled when <DB4EN> 
= 1. 

When the double buffer is enabled, the timing to 
transfer data from the register buffer to the timer regis- 
ter is at the match between the up-counter (UC4) and 
timer register TREG5. 

When reset, it will be initialized to <DB4EN> = 0, 
whereby the double buffer is disabled. To use the 
double buffer, write data in the timer register, set 
<DB4EN> = 1 , and then write the following data in the 



register buffer. 

TREG4 and register buffer are allocated to the same 
memory addresses 000030H/000031 H. When 
<DB4EN> = 0, same value will be written into only the 
register buffer. 

(D Capture Register 

These 1 6-bit registers are used to hold the values of 
the up-counter. 

Data in the capture registers should be read by a 2- 
byte data load instruction or two 1 -byte data load 
instruction, from the lower 8-bit followed by the upper 
8-bit. 



CAP 1 

Upper 8-bit Lower 8-bit 



000035H 



000034H 



CAP 2 

Upper 8-bit Lower 8-bit 



000037 H 



000036H 
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® Capture Input Control 

This circuit controls the timing to latch the value of up- 
counter UC4 into (CAP1 , CAP2). The latch tinning of 
capture register is controlled by register T4M0D 
<CAP1 2M 1 , 0>/r5MOD <CAP34M1 ,0>. 

• When T4M0D <CAP1 2M 1 , 0> = 00 

Capture function is disabled. Disable is the default on 
reset. 

• When T4M0D <CAP1 2M1 . 0> = 01 

Data is loaded to CAP1 at the rise edge of TI4 pin 
(also used P80/INT4) input, while data is loaded to 
CAP2 at the rise edge of TI5 pin (also used as P81/ 
I NTS) and input. CTime difference measurement) 

• When T4M0D <CAP12M1 , 0> = 10 

Data is loaded to CAP1 at the rise edge of TI4 pin 
input, while to CAP2 at the fall edge. Only in this set- 
ting, interrupt INT4 occurs at fall edge. (Pulse width 
measurement) 

• When T4M0D <CAP1 2M1 , 0> = 1 1 

Data is loaded to CAP1 at the rise edge of timer flip- 
flop TFF1 , while to CAP2 at the fall edge. 

Besides, the value of up-counter can be loaded to 
capture registers by software. Whenever "0" is written 
in T4M0D <CAP1 IN> the current value of up-counter 
will be loaded to capture register CAP1 . It is neces- 
sary to keep the prescaler in RUN mode (TRUN 
<PRRUN> to be "1"). 



(D Comparator 

These are 1 6-bit comparators which compare the up- 
counter UC4 value with the set value of (TREG4, 
TREG5) to detect the match. When a match is 
detected, the comparators generate and interrupt 
(INTT4, INTT5) respectively The up-counter UC4 is 
cleared only when UC4 matches TREG5. (The clear- 
ing of up-counter UC4 can be disabled by setting 
T4M0D <CLE> = 0.) 

® Timer flip-flop (TFF4) 

This flip-flop is inverted by the match detect signal 
from the comparators and the latch signals to the 
capture registers. Disable/enable of inversion can be 
set for each element by T4FFCR <CAP2T4, CAP1T4, 
EQ5T4, EQ4T4>. TFF4 will be inverted when "00" is 
written in T4FFCR <TFF4C1 ,0>. Also it is set to "1 " 
when "10" is written, and cleared to "0" when "10" is 
written. The value of TFF4 can be output to the timer 
output pin T04 (also used as P70). 

® Timer flip-flop CTFFS) 

This flip-flop is inverted by the match detect signal 
from the comparator and the latch signal to the cap- 
ture register CAP2. TFF5 will be inverted when "00" is 
written in T4FFCR <TFF5C1 ,0>/T6FFCR 
<TFF6C1 ,0>. Also it is set to "1 " when "10" is written, 
and cleared to "0" when "10" is written. The value of 
TFF5 can be output to the timer output pin T05 (also 
used as P82). 

T05 (also used as P30) is multiplexed using the HWR 
pin; setting must be done using the port 3 control reg- 
ister, P3CRL. 

Note: T05 (also used as P30) is multiplexed with HWR; setting 
must be done using tlie P3SR. 
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(1 ) 1 6-Bit Timer Mode In this example, the interval time is set in the timer reg- 

ister TREG5 to generate the interrupt INTTR5. 

Generating interrupts at fixed intervals 







7 


6 


5 


4 


3 


2 


1 


TRUN 


<- 


X 


X 













INTET54 


<- 


1 


1 








1 








T4FFCR 


<r- 


1 


1 














1 1 


T4M0D 


<- 








1 








1 


















{* 


* = 01,10,1 


TREG5 


<— 








1 





1 








TRUN 


<- 


1 


X 


1 


1 









Note : x; don't care -; no change 



Stop timer 4. 

Enable INTTR5 and sets interrupt level 4. Disable INTTR4. 
Disable trigger. 

Select internal clock for input and disable ttie capture function. 
Set ttie interval time {16-bit). 
Start timer 4. 



(2) 1 6-Bit Event Counter Mode 



In 1 6-bit timer mode as described in above, the timer 
can be used as an event counter be selecting the 



external clock (TI4 pin input) as the input clock. To read 
the value of the counter, first perform the "software 
capture" once and read the captured value. 
The counter counts at the rise edge of TI4 pin input. 
TI4 can also be used as P72/INT4. 



TRUN 
P7CR 
INTET54 



3 2 10 







Stop timer 4. 

Set P72 to input mode. 

Enable INTTR5 and sets interrupt level 4, while disable INTTR4. 



T4FFCR ^ 1 1 1 1 Disable trigger. 

T4M0D <- 1 1 Select TI4 as the input clock. 

TREG5 ^ ******* * Set the number of counts (16-bit). 

TRUN f_ X X 1 1 - - - - Start timer 4. 



Note: When used as an event counter, set the prescaler in RUN mode. 
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(3) 1 6-Bit Programmable Pulse Generation (PPG) Mode 

The PPG mode is obtained by inversion of the timer 
flip-flop TFF4 that is to be enabled by the match of the 



up-counter UC4 with the timer register TREG4 or 5 
and to be output to T04 (also used as P70). In this 
mode, the following conditions must be satisfied. 



(Set value of TREG4) < (Set value of TREG5) 



7 6 5 4 3 2 1 
<-xx-0---- 



TRUN 
TRE64 
TREG5 
T45CR 



T4FFCR 1 1 1 1 

T4M0D ^ 1 1 

(** = 01. 10.11) 

P7CR _ - 1 1 

TRUN X X 1 1 - - _ - 

Note : x; don't care -; no change 



Stop timer 4. 
Setttie duty. (16-bit). 
Set the cycle. (16-bit). 
Double Buffer of TREG4 enable 

(Change the duty and cycle at the interrupt INTTRS). 
Set the mode to invert TFF4 at the match with 
TREG4/TREG5, and also set the TFF4 to "0". 
Select the internal clock for the Input, and disable the 

capture function. 
Assign P70 as T04. 
Start timer 4. 



Match with TREG4 
(interrupt I NTTR4) _ 

Match with TREG5 
(interrupt INTTRS)- 

T04 pin 



ji n fi fi 

_n_ 



Figure 3.8 (7). Programmable Pulse Generation (PPG) Output Waveforms 
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When the double buffer of TREG4 is enabled in this match with TREG5. This feature makes easy the handling of 

mode, the value of register buffer 4 will be shifted in TREG4 at low duty waves. 



Match with TREG4 

Match with TREG5 

TREG4 
(value to be 
compared) 

Register buffer 



Jl 



fl 



Up-counter = Qi 




Up-counter = Q2 




( Shift Into the TREG5 


Qi 








7^ 




Q2 


X 


Q3 



Write into theTREG4 



Figure 3.8 (8). Operation of Register Buffer 

Shows the block diagram of this mode. 



TRUN<T4RUN> 



TI4- 
jSTI— ^ 



16-Bit up-counter 
UC4 



J 



T04 (PPG output) T05 



16-Bit Comparator 



77 



12. 



F/F 




F/F 


(TFF4) 




(TFF5) 



TREG4-WR 



16-Bit Comparator 




77 



T45CR<DB4EN> 



Register buffer 4 

77 



Figure 3.8 (9). Block Diagram of 16-Bit PPG Mode 
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(4) Application Examples of Capture Function 

The loading of up-counter (UC4) values into the cap- 
ture registers CAP1 and CAP2, the tinner flip-flop TFF4 
inversion due to the match detection by comparators 
CP4 and CPS, and the output of the TFF4 status to 
T04 pin can be enabled or disabled. Combined with 
interrupt function, they can be applied in many ways, 
for example; 

® One-shot pulse output from the external trigger 
pulse 

(D Frequency measurement 
(D Pulse width measurement 
® Time difference measurement 



® One-Shot Pulse Output from the External Trigger 
Pulse 

Set the up-counter UC4 in free-running mode with the 
internal input clock, input the external trigger pulse 
from TI4 pin, and load the value of up-counter into 
capture register CAP1 at the rise edge of the TI4 pin. 
Then set T4M0D <CAP1 2M1 . 0> = 01 . 
When the interrupt INT4 is generated at the rise edge 
of the TI4 pin, set the CAP1 value (c) plus a delay time 
(d) to TREG5 (= c + d), and set the above set value (c + 
d) plus a one-shot pulse width (p) to TREG5 (= c + d + 
p). When Interrupt INT4 occurs the T4FFCR <EQ5T4. 
EQ4T4> register sgould be set that the TFF4 inversion 
is enabled only when the up-counter value matches 
TREG4 orTREGS. When Interrupt INTTR5 occurs, this 
inversion will be disabled. 



TI4 pin input 
(external trigger pulse) 



Match with TREG4 



Match with TREG5 



^ Set the counter in free-running mode 

jiflim 

c 



(internal clock) ^ c + d c»d-t-p 



Timer output pin T04 . 



Load the up-counter value into Capture 
' Register 1 (CAP1) INT4 occurred 



Inversion 
enable 



r INTTR5 occurred 



Disables invcrsioni 
caused by loading \ 
of the up-counter 
y value into CAP1. 



• Inversion 
I enable 



Delay time 
Si 



(P) 



Figure 3.8 (10). One-Shot Pulse Output (with Delay) 
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Setting example: To output 2ms one-shot with 3ms delay to the extemal trigger pulse to TI4 pin. 



Main setting 



T4M0D «- - -101001 



T4FFCR 



P7CRL 



1 



1 1 



INTE45 1100 

INTET54<- 10001000 
TRUN «- XXll 



- Keep counting (Free-runnig) 
Count with jjTI. 

Load the up-counter value into CAP1 at the rise edge 
of TI4 pin input. 
Clear TFF4 to zero. 
Disable TFF4 inversion. 
Select P70 as the T04 pin. 

Enable INT4. and disable INTTR4 and INTTR5. 

Start timer 4. 



Setting of INT4 

~TREG4 «- CAPl+3ms/^Tl 
TREG5 *- TRE64+2ms/^Tl 

T4FFCR ^ 11-- 

Enable TFF4 inversion when the up-counter value 

matches TREG4 or 5. 
INTET54*- 1100 EnaWe hNTTRS. 



Setting of INT5 

T4FFCR 00- 



DisableTFF4 inversion when the up-counter value 
matches TREG4 or 5. 



_INTET54<- 1000 Disable INTTR5. 

Note: X ; don't care - ; no change 
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When delay is unnecessary, invert timer flip-flop TFF4 
when the up-counter value is loaded into capture register 1 
(CAP1), and set the CAP1 value (c) plus the one-shot pulse 
width (p) to TREG5 when the interrupt INT4 occurs. The TFF4 



inversion should be enabled when the up-counter (UC4) value 
matches TREG5, and disabled when generating the interrupt 
INTTR5. 



Count clock 
(internal clock) 

TI4pin input 
(external trigger pulse) 



Match withTREGS 



Timer output pin T04 



jmimnii iuuihl immiL.-. 

c c-»p 






^ k?5iltt^TOriN?J"o'crr?e?''*"''' 
n occurred 


Load the up-counter value into 
Capture Register 2 (CAP2). 




( \ 







/ 



Enables inversion caused 
by loading of the up- 
counter value into CAP! . 



(P) 



Disables inversion caused by loading of 
the up-counter value into CAP2. 



Figure 3.8 (11). One-Shot Pulse Output (without Delay) 



(D Frequency Measurement 

The frequency of the external clock can be measured 
in this mode. The clock is input through the TI4 pin, and 
its frequency is measured by the 8-bit timers (Timer 
and Timer 1) and the 1 6-bit timer/event counter (Timer 4). 



The TI4 pin input should be selected for the input 
clock of Timer 4. The value of the up-counter is loaded 
into the capture register CAP1 at the rise edge of the 
timer flip-flop TFF1 of 8-bit timers (Timer and Timer 1), 
and into CAP2 at its fall edge. 

The frequency Is calculated by the difference 
between the loaded values in CAP1 and CAP2 when the 
interrupt (INTTO or INTT1) is generated by either 8-bit 
timer. 
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(internal clock) 
TFFl 

Loading UC16 into CAP1 
Loading UC16into CAP2 
TNTT0/INTT1 



CI "" 




C2 






/ ilci 






1 

u 


l_ 












n ii 1 



Figure 3.8 (12). Frequency Measurement 



For example, if the value for the level "1 " width of 
TFF1 of the 8-bit timer is set to 0.5 s. and the difference 



between CAP1 and CAP2 is 100, the frequency will be 
100/0.5[s] = 200[Hz]. 
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(D Pulse Width Measurement 



This mode allows measuring the "H" level width of an 
external pulse. While keeping the 16-bit timer/event 
counter counting (free-running) with the internal clock 
input, the external pulse is input through theTI4 pin. Then 
the capture function is used to load the UC4 values into 
CAP1 and CAP2 at the rising edge and falling edge of the 



external trigger pulse respectively. The interrupt INT4 
occurs at the falling edge of TI4. 

The pulse width is obtained from the difference 
between the values of CAP1 and CAP2 and the internal 
clock cycle. 

For example, if the internal clock is 0.8 microseconds 
and the difference between CAP1 and CAP2 is 100, the 
pulse width will be 100 x 0.8 = 80 microseconds. 



Count clock 
(internal clock) 

TI4 pin 

(external pulse) 
Loading UC1 5 into CAP1 

Loading UClSinto CAP2 

INT4 



JUinill _J1I1IIIUL___. 




Figure 3.8 (13). Pulse Width Measurement 

Note: Only in this pulse width measuring mode (T4M0D <CAP1 2M1 , 0> = 10), external Interrupt INT4 occurs at the falling edge of TI4 pin input. In other 
modes, it occurs at the rising edge. 



The width of "L" level can be measured from the dif- 
ference between the first C2 and the second C1 at the 
second INT4 interrupt. 



® Time Difference Measurement 

This mode is used to measure the difference in time 
between the rising edges of external pulses input through 
TI4 and TI5. 



Keep the 1 6-bit timer/event counter (Timer 4) count- 
ing (free-running) with the internal clock, and load the 
UC4 value into CAP1 at the rising edge of the input pulse 
to TI4. Then the interrupt INT4 is generated. 

Similarly, the UC4 value is loaded into CAP2 at the 
rising edge of the input pulse to T15, generating the inter- 
rupt INT5. 

The time difference between these pulses can be 
obtained from the difference between the time counts at 
which loading the up-counter value into CAP1 and CAP2 
has been done. 
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Count clock JlIUUlfL 
(internal clock) — 



TI4 pin input 
TI5 pin input 
Loading UC1 6 into CAP1 



__JU1I111IL. 

C2 



Loading UC1 6 into CAP2 
INTI 



Time difference 



Figure 3.8 (14). Time Difference Measurement 



(5) Different Phased Pulses Output Mode 

In this output mode, signals with any different phase 
can be outputted by free- running up-counter UC4. 



When the value in up-counter UC4 and the value in 
TREG4 (TREG5) match, the value in TFF4 (TFF5) is 
inverted and output to T04 (T05). 
This mode can only be used by 1 6-bit timer 4. 



Counter 

(free-running) 

Match with TREG4 
Match with TREG5 

T04 

11 

T05 J 1 

Figure 3.8 (15). Phase Output 



ji n fi 



ii fi 



Cycles (counter overflow time) of the above output 
waves are listed below. 





16MHz 


20MHz 


0T1 


32.768ms 


26.214ms 


0T4 


131.072ms 


104.856ms 


0T16 


524.288ms 


419.424ms 
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3.9 Stepping Motor Control/Pattern Generation Port 

The TMP96C031 F contains 2 channels (PGO and PG1) of 4-bit 
hardware stepping motor control/pattern generation (herein 
after called PG) which actuate in synchronization with the 
(8-bit/1 6-bit) tinners. The PG (PGO and PG1 ) are shared in 8-bit 
I/O ports P6. 

Channel (PGO) is synchronous with 8-bit timer or 
timer 1, 16-bit timer 4, channel 1 (PG1) is synchronous with 8- 



bit timer2 or timerS, 1 6-bit timer4, to update the output. 

The PG ports are controlled by control registers 
(PG01GR) and can select either stepping motor control mode 
or pattern generation mode. Each bit of the P6 can be used as 
the PG port. 

Channel (PGO) and channel 1 (PG1) operate indepen- 
dently 

Except in the following case, both channels operate the 
same. Thus, channel (PGO) is explained here. 



Difference between PGO and PG1 





PGO 


PG1 


Timer trigger signal 


8-bit timerO, 1 
16-bit timer4 


8-bit timer2, 3 
1 6-bit timer4 



b3 



b6 



b2 



b5 



b1 



bO 



kJ 



1-2 excitation 



SA02 



SA01 



1-2 

excitation 



PG01 



PGOO 



□ P63/PG03 
(P67/PG13) 



P62/PG02 
^ (P66/PG12) 



P61/PG01 
^ (P65/PG11) 



.►n P60/PG00 
^ {P64/PG10) 



«* o 



o o 



Of o 



Figure 3.9 (1). Pattern Generator/Stepping Motor Control Block Diagram 
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7 


6 


5 4 


3 


2 : 1 ! 


bit Symbol 


PAT1 


CCW1 


PGIM i PG1TE 


PATO 


ccwo ; PGOM : pgote 


Read/Write 


R/W 


R/W 


After reset 














i i 


Function 


PG1 write 
mode 

0: 8-bit 
write 

1 : 4-bit 
write 


PG1 

Rotaing 
direction 

0: Normal 
rotation 

1 : Reverse 
rotation 


PGImode iPGI 
(excitation);trigger 
0: lexotationjinput 
or ienable 

:0: disable 
• il: enable 

excitation : 


PGO write 
mode 

0: 8-bit 
write 

1 : 4-bit 
write 


PGO jPGOmode iPGO 
Rotaing i(excitation):trigger 
direction jO: i excitation input 

- ., , • or Ienable 
0: Normal • , . ^ : 
^ ^. 2excitatiorx 

rotation: :0: disable 
1 : Reverse i ' ' i 1 : enable 

^ ^. excitation: 
rotation: 



1 



I — ^ PGO Trigger input enable 

Trigger input disable to PGO 

1 Trigger input enable to PGO 



Set the op eration mode of PGO 

1 or 2 excitation (full step) 

1 1 -2 excitation (half step) / PG mode 



PGO (stepping motor control) 
Rotaing direction control 

Normal rotation / PG mode 

1 Reverse rotation 



Selecting PGO write mode 

8-bit write 

^ 4-bit write /PG mode 

(Only shifter alternate register can be 
written.) 



Figure 3.9 (2a). Pattern Generation Control Register (PG01 CR) 
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7 


6 


5 


4 


3 


2 


1 


bit Symbol 


PAT1 


CCW1 


PG1M 


PG1TE 


PATO 


i ccwo 


PGOM 1 PGOTE 


Read/Write 


R/W 


R/W 


After reset 























Function 


PGl write 
mode 

0: 8-bit 
write 

1 : 4.bit 
write 


PGl 

Rotaing 
direction 

0: Normal 
rotation 

1 : Reverse 
rotation 


PGl mode 
(excitation) 
0: 1 excitation 
or 

2excitation 
1: 12 

excitation 


PGl 
trigger 
input 
enable 

0: disable 
1: enable 


PGO write iPGO 

mode iRotaing 

/» o u » idirection 
0: 8-bit 

write iO: Normal 

1 . A hit i rotation 

^ ^ i1: Reverse 

i rotation 


PGO mode iPGO 
(excitation): trigger 
0: lexcitatioK input 
or .-enable 

. il: enable 

excitation : 



PGl trigger input enable 

Trigger input disable to PGl 

1 Trigger input enable to PGl 



Set th e operation mode of PGl 

1 or 2 excition (full step) 

1 1 -2 excitation (half step) / PG mode 



PGl (stepping motor control) 
Rotaing direction control 

Normal rotation / PG mode 

1 Reverse rotation 



Selectin g PGl write mode 

8-bit write 

^ 4-bit write / PG mode 

(Only shifter alternate register can be 
written.) 



Figure 3.9 (2b). Pattern Generation Control Register (PG01CR) 
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7 


6 


5 


4 


3 2 







bit Symbol 


PG03 


PG02 


PG01 


PGOO 


SA03 1 SA02 


SA01 


SAOO 


Read/Write 


W 


R/W 


After reset 











Undefined 


Function 


Pattern Generation (PGO) output latch register 
(Reading the P6 that is set to the PG port allows to read-out.) 


Shift alternate register 
For the PG mode (4-bit write) register 



Prohibit Read 

modify write Figure 3.9 (3). Pattern Generation Register (PGOREG) 





7 


6 


5 


4 


3 1 2 j 1 





bit Symbol 


PG13 


PG12 


PG11 


PG10 


SA13 I SA12 1 SA11 


SA10 


Read/Write 


W 


R/W 


After reset 











Undefined 


Function 


Pattern Generation 1 (PG1) output latch register 
(Reading the P6 that is set to the PG port allows to read-out.) 


Shift alternate register 1 
For the PG mode (4-bit write) register 



Prohibit Read 

modify write Figure 3.9 (4). Pattern Generation 1 Register (PG1REG) 
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7 


6 


5 i 4 i 3 i 2 


1 





bit Symbol 






"""""■"-^^i PGIT PGOT 




0B4EN 


Read/Write 


R/W 


RW 




R/W 


After reset 







i : 







Function 


Fixat "0" 

Always 
read as 
"0" 


jPGI Shift ;PGO Shift 
trigger : trigger 
p:B-bit timer :0:8-bittimer 
•; trigger : trigger 
: (timer2,3) : (timerO, 1) 
;1 : 1 6-bit timer i 1 : 1 6bit timer 
; trigger trigger 
; (timer4) (timer4) 




Double 
buffer of 
TREG4 
0:Disable 
1:Enable 



Double buffer control 

Disable 

1 Enable 



DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 



Selecting PGO shift trigger 

8-bit timer trigger (timerO, 1) 

1 16-bit timer trigger (timer 4) 



Selecting PG1 shift trigger 

8-bittimertrigger(timer 2, 3) 

1 16-bit timer trigger (timer 4) 



Write "0" to this bit, when this register is modified. 



Figure 3.9 (5). 16-bit Timer Trigger Control Register (T45CR) 
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8-8it timer 
(timer 0, 1) 



16-Bit timer 4 



8-Bit timer 
(timer 2, 3) 



A 

Select 
B S 



<PGOT> 



A 

Select 
B S 



t 

<PG1T> 



PGO 



PG1 



Port64~67 



Figure 3.9 (6). Connection of Timer and Pattern Generator 



(1 ) Pattern Generation Mode 

PG functions as a pattern generation according to tlie 
setting of PG01CR <PAT1 >/<PATO>. In this mode, 
writing from CPU is executed only on the shifter alter- 
nate register. Writing a new data should be done during 
the interrupt operation of the timer for shift trigger, and 
a pattern can be output synchronous with the timer. 



In this mode, set PG01 OR <PGOM> and <PG1 M> to 
1 , and PG01 OR <GGWO> and <GGW1 > to 0. 
The output of this pattern generator is output to port 6; 
since port and functions can be switched on a bit basis 
using port function control register P6GRLyP6GRH, any 
port pin can be assigned to pattern generator output. 
Figure 3.9 (7) shows the block diagram of this mode. 



Trigger signal from timer/time r j ~ j | ~j 

( Data write to SA03-00 by 

Shift alternate register output 
(SA03-00) 



Pattern generator register 
output (PG03-00) 



~w \—l L_l i—k 



Figure 3.9 (7). Pattern Generation Mode Timing Example 
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Shift alternate register 



BUS2 



SA02 



BUS1 



SA01 



BUSO 



SAOO 



PG02 

ZZ] — 



PGOl 

zu — 



PGOO 

1 



□PG03 
(P63) 



□PG02 
(P62) 



port 



□PGOl 
(P61) 



□PGOO 
(P60) 



Shift due to the shift trigger from timer 



Figure 3.9 (7). Pattern Generation Mode Block Diagram (PGO) 



In this pattern generation mode, only writing the output mode. Accordingly, the data shifted by trigger signal from a 
latch is disabled by hardware, but other functions do the same timer must be written before the next trigger signal is output, 
operation as 1 -2 excitation in stepping motor control port 
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(2) \ Stepping Motor Control Mode Figure 3.9 (8) and Figure 3.9 (9) show the output wave- 

fornns of 4-phase 1 excitation and 4-phase 2 excita- 
(D 4-phase 1 -Step/2-Step Excitation ^'O"^' respectively when channel (PGO) Is selected. 



Trigger signal 
from timer 



PGOO (P60) 
PG01 {P61) 
PG02 {P62) 
PG03 {P63) 



JL 



Jb6 



JL 



Jb6 

b7 



Initial value PGOREG*- 0100 x x x x 
Note : bn indicates the initial value of PGOREG <- b7 b6 b5 b4X X X X 

Normal Rotation 



Trigger signal 
from timer 



PGOO (P60) 
PG01 (P61) 
PG02 (P62) 
PG03(P63) 



JbT" 
1b7 



Initial value PGOREG <- OlOOx x x x 



Jb6 



JL 



(D Reverse Rotation 



Figure 3.9 (8). Output Waveforms of 4-Phase 1-Step Excitation 
(Normal Rotation and Reverse Rotation) 
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Trigger signal 
from timer 



Jl_ 



PGOO (P60) 


i b4 


|b7 


b6 


1" 


1 1 












PG01 (P61) 


b5 


b4 


|b7 


b6 














PG02 (P62) 


Ib6 


1" 


b4 


|b7 


b6 1 












PG03 (P63) 


; b7 


b6 


|b5 


b4 


1 1 













Initial value PGOREG <- 1 100 x x x x 



Figure 3.9 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation) 



The operation when channel is selected is 
explained below. 

The output latch of PGO (also used as P6) is shifted 
at the rising edge of the trigger signal fronn the timer to be 
output to the port. 

The direction of shift is specified by PG01 CR 
<CCWO>: Normal rotation (PGOO ^ PG01 ^ PG02 -> 
PG03) when <CCWO> is set to "0"; reverse rotation 
(PGOO ^ PG01 <- PG02 <r- PG03) when "1 ". Four-phase 



1 -step excitation will be selected when only one bit is set 
to "1 " during the initialization of PG, while 4-phase 2-step 
excitation will be selected when two consecutive bits are 
set to "1". 

The value in the shift alternate registers are ignored 
when the 4-phase 1 -step/2 -step excitation mode is 
selected. 

Figure 3.9 (1 0) shows the block diagram. 



Shift alternate Register 





b7 










b3 


SA03 




3 






jQ 


t 










(D 


b2 


SA02 




C 








b5 




<u 








b1 


SAOl 




c 




















bO 


SAOO 











PGO Output latch 



•^□pGOS (P63) 



•-□pG02 (P62) 



•►□pGOI (P61) 



•-□pGOO (P60) 



jr|_ is showing to shift the signal at the 
rising edge of trigger signal from 
timer. 



Figure 3.9 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation 

(Normal Rotation) 
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(D 4-Phase 1 -2 Step Excitation Figure 3.9 (1 1 ) shows the output waveforms of 4- 

phase 1 -2 step excitation when channel is selected. 



Trigger signal 
from timer 



PGOO (P60) 
PG01 (P61) 
PG02 (P62) 
PG03 (P63) 



JT n n n n n 



b3 
bO 



-lb2 



bS 



b1 



Jb7 
b4 



1 

Initial value PGOREG «- 11001000 
Note: bn denotes the initial value PGOREG *- b7 b6 b5 b4 b3 b2 bl bO 
© Normal Rotation 



Trigger signal 
from timer 



PGOO (P60) 
PG01 (P61) 
PG02 (P62) 
PG03 (P63) 



Jl TL 



J b6 



b7 
b4 



b3 
1 bO 



b7 
b4 



b3 
1 bO 



b7 
b4 



b3 
bO 



Jl n n TL 



Initial value PGOREG «- 10001100 



® Reverse Rotation 



Figure 3.9 (11). Output Waveforms of 4-Phase 1-2 Step Excitation 
(Normal Rotation and Reverse Rotation) 
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The initialization for 4-phase 1 -2 step excitation is as 
follows: 

By rearranging the initial value "b7 b6 b5 b4 b3 b2 
b1 bO" to "b7 b3 b6 b2 b5 b1 b4 bO", the consecutive 3 
bits are set to "1 " and other bits are set to "0" (positive 
logic). 

For example, if b7, b3, and b6 are set to "1 ", the ini- 
tial value beconnes "11 001 000", obtaining the output 
waveforms as shown in Figure 3.10 (1 1). 

To get an output waveform of negative logic, set val- 
ues 1 s and O's of the initial value should be inverted. For 



example, to change the output waveform shown in Fig- 
ure 3.10 (1 1) into negative logic, change the initial value 
to "001 101 11". 

The operation will be explained below for channel 0. 

The output latch of PGO (shared by P6) and the 
shifter alternate register (SAO) for Pattern Generation are 
shifted at the rising edge of trigger signal from the timer 
to be output to the port. The direction of shift is set by 
PG01GR <CCWO>. 

Figure 3.9 (12) shows the block diagram. 



b7 



shifter alternate 

register 



b6 



b2 



65 



b1 



b4 



SA02 



SAOl 



PGO Output 



PG03 



JL 



PG02 



n 



PG01 



i"L 



PGOO 



PG03 (P63) 



• PG02 (P62) 



■ PG01 (P61) 



. PGOO (P60) 



jTL is showing to shift the signal at the rising 
edge of trigger signal from the timer. 



Figure 3.9 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation) 
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Setting example: To drive cliannel (PGO) by 4-pliase 1 -2 
step excitation {normal rotation) when 



timer is selected, set each register as follows: 







7 


6 


5 


4 3 


2 


1 







TRUN 


<- 




X 













stop timer 0, and clears it to zero. 


TMOD 


<- 








X 


X 







1 


Set 8-bit timer mode and selects 0T1 as ttie input clock of timer 0. 


TFFCR 


<- 


X 


X 


X 


1 





1 





Clear TFF1 to zero and enables ttie inversion trigger by timer 0. 


TREGO 


<- 










* 


* 




Set ttie cycle in timer register. 


P6CRL 


<- 


1 





1 


1 





1 





SetP60~P63bitsto PG output. 


PG01CR 


<r- 








- 





1 


1 


Select PGO 4-phase 1 - 2 step excitation mode and normal rotation. 


PGOREG 


<r- 


1 


1 





1 











Set an initial value. 


TRUN 


<- 


1 


X 










1 


Start timer 0. 



Note: x; don't care -; no change 



(3) Trigger Signal From Timer 

The trigger signal from the timer which is used by PG is 



not equal to the trigger signal of timer flip-flop (TFF1 , 
TFF4, TFF5, and TFF6) and differs as shown in Table 
3.9 (1 ) depending on the operation mode of the timer. 



Table 3.9 (1) Select of Trigger Signal 





TFF1 Inversion 


PG Shift 


8-bit timer mode 


Selected by TFFCR <TFF1 IS> when the up-counter value matches 
TREGO orTREGI value. 




16-bit timer mode 


When the up-counter value matches with both TREGO and TREG1 
values. (The value of up-counter = TREG1 *2^ + TREGO) 




PPG output mode 


When the up-counter value matches with both TREGO and TREG1 . 


When the up-counter value matches TREG1 value (PPG cycle). 


PWM output mode 


When the up-counter value matches TREGO value and PWM cycle. 


Trigger signal for PG is not generated. 



Note: To shift PG, TFhCR <TFF1 IE> must be set to "1 " to enable TFF1 inversion. 



Channel 1 of PG can be synchronized with the 1 6-bit 
timer Timer 4. In this case, the PG shift trigger signal 
from the 1 6-bit timer is output only when the up- 
counter UC4 value matches TREG5. 



When using a trigger signal from Timer 4, set either 
T4FFCR <EQ5T4> or T4M0D <EQ5T5> to "1 " and a 
trigger is generated when the value in UC4 and the 
value in TREG5 match. 
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(4) Application of PG and Tinner Output 

As explained in "Trigger signal from timer", the timing 
to shift PG and invert TFF differs depending on the 
mode of timer. An application to operate PG while 
operating an 8-bit timer in PPG mode will be explained 
below. 



To drive a stepping motor, in addition to the value of 
each phase (PG output), synchronizing signal is often 
required at the timing when excitation is changed over. 
In this application, port 6 is used as a stepping motor 
control port to output a synchronizing signal to the 
T01 pin (shared by P70). 



T01 (P70) 
PG0O(P60) 
PG01 (P61) 



_n — n n 

TREGO I 



I L 

PG02 (P62) ^ 

PG03 (P63) I I 



Figure 3.9 (13). Output Waveforms of 4-Phase 1-Step Excitation 



Setting example: 







7 


6 


5 


4 


3 


2 


1 





TRUN 


<- 




X 
















TMOD 


<r- 


1 





X 


X 


X 


X 





1 


TFFCR 


<r- 


X 


X 


X 








1 


1 


X 


TREGO 


<- 


















TREG1 


<— 


















P7CR 


<— 














1 





P6CRL 




1 





1 





1 





1 


1 


PG01CR 


<- 



















1 


PGOREG 


<r- 


















TRUN 


<r- 


1 


X 










1 


1 



Note: x; don't care -; no change 



Stop timer 0, and clears it to zero. 

Set timer and timer 1 in PPG output mode and selects 0T1 as the input clock. 

Enable TFF1 inversion and sets TFF1 to "1". 

Set the duty of T01 to TREGO. 

Set the cycle ofTOI toTREGL 

Assign PZOas T01. 

Assign P60~63asPG0. 

Set PGO in 4-phase 1-step excitation mode. 

Set an initial value. 

Start timer and timer 1. 
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3.10 Serial Channel 



asynchronous transmission (UART) as well as for I/O exten- 



The TMP96C031 F contains 2 serial I/O channels for full duplex sion. 



The serial channel has the following operation modes. 



• I/O interface mode 
(channel 1 only) 



• Asynchronous transmission 
(UART) mode (channel and 1) 



■ Mode 0: To transmit and receive I/O data as well as 

the synchronizing signal SCLK for extending I/O. 



Mode 1 
Mode 2; 
Mode 3; 



7- bit data 

8- bit data 

9- bit data 



In mode 1 and mode 2, a parity bit can be added. Mode Figure 3.10 (1) shows the data format (for one frame) in 

3 has wake-up function for making the master controller start each mode, 
slave controllers in serial link (multi-controller system). 



• Mode (I/O interface mode) 

■(^iizXIXiXIXIXIXIXZ)' 

-« — Transfer direction 

• Mode 1 (7-bit UART mode) 

\!:!2/i3(ZXZ)(ZXZ)(ZXI}^ 
\!:i:/^°)(Z)(Z)(Z)(ZXZ)(Z)Q^ 

• Mode 2 (8-bit UART mode) 

\!i::i/^iiD(IXDCI)(Z)(Z)(Z)(Z^ 

• Mode 3 (9-bit UART mode) 



(Wake-up) 



When bit 8 = 1, address (select code) is denoted. 
When bit 8 = O.data is denoted. 



MCU900-350 



Figure 3.10 (1). Data Formats 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C031N/F 



The serial channel has a buffer register for transmitting 
and receiving operations, in order to temporarily store trans- 
mitted or received data, so that transmitting and receiving 
operations can be done independently (full duplex). 

However, in I/O interface mode, SCLK (serial clock) pin is 
used for both transmission and receiving, the channel 
becomes half-duplex. 

The receiving data register is of a double buffer structure 
to prevent the occurrence of overrun error and provides one 
frame of margin before CPU reads the received data. The 
receiving data register stores the already received data while 
the buffer regi ster re ceiv es th e next fram e data . 

By using CTS and RTS (there is no RTS pin, so any one 
port must be controlled by software), it is possible to halt data 
send until CPU finishes reading receive data every time a frame 
is received (Handshake function). 

In the UART mode, a check function is added not to start 
the receiving operation by error start bits due to noise. The 
channel starts receiving data only when the start bit is 



detected to be normal at least twice in three samplings. 

When the transmission buffer becomes empty and 
requests the CPU to send the next transmission data, or when 
data is stored in the receiving data register and the CPU is 
requested to read the data, INTTX or INTRX interrupt occurs. 
Besides, if an overrun error, parity error, or framing error occurs 
during receiving operation, flag SC0CR/SC1CR <OERR, 
PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate gen- 
erator, which can set any baud rate by dividing the frequency 
of four clocks (0TO, 0T2, 0T8, and 0T32) from the internal pres- 
caler (shared by 8-bit/1 6-bit timer) by the value 2 to 1 6. 

In I/O interface mode, it is possible to input synchronous 
signals as well as to transmit or receive data by external clock. 

3.10.1 Control Registers 

The serial channel is controlled by three control registers 
SCOCR, SCOMOD, and BROCR. Transmitted and received 
data is stored in register SCOBUF. 
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SCOMOD 
{0052 H) 





7 


6 


5 


4 


3 i 2 I 1 ! 


bit Symbol 


TB8 


CTSE 


RXE 


WU 


SMI : SMO : SCI sco 


Read/Write 


R/W 


After reset 














: ! ; 


Function 


Transfer 
data 
Bits 


Hand 
shake 
fanction 
control 
0: CTS 

disable 
1: CTS 

enable 


Receiving 
Function 
0: Receive 

disable 
1 : Receive 

enable 


Wake up 
Function 

0: disable 
1: Enable 


Serial transmission iSerial transmission 
mode idock (UART) 
00: Can not be used 100: TOO Trigger 
01 : 7-bit UART joi : baud rate 
10: 8-bit UART generator 
11: g-bitUART jiO: Internal clock * 1 
ill: don't care 




1 1 t i 1 



Serial transmission clock (UART) 



00 


Timer match detect signal 


01 


Baud rate generator 


10 


Internal clock <I>1 


11 


don't care 


Serial transmission mode 


00 


Can not be used 


01 


1 7-bit length 


10 


UART 1 8-bit length 


11 


: 9-bit length 



Wake-up Function 





9-bit UART 


Other mode 





Interrupt when 
data are received 


don't care 


1 


Interrupt only 
when RB8= 1 


Receiving Function 





Receive Disable 


1 


Receive Enable 



■*■ Hand shake function (CTS Pin) enable 



Disable (always Transferable) 

1 Enable 



^ Transmission data bit 8 

Note : There is SCIMOD (56H) in Channell 



Figure 3.10 (2). Serial Mode Control Register (Channel 0, SCOMOD) 
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SCOCR 
(005 IH) 





7 


6 


5 


4 


3 : 2 i 1 





bit Symbol 


RB8 


EVEN 


PE 


OERR 


PERR i FERR i — 




Rcad/Wrile 


R 


R/W 


R ( cleared to Zero when read) ; R/W 


After reset 










; ; ; 





Function 


Received 
data 
Bits 


Parity 
0: Odd 
1 : Even 


Parity 
addition 
0: Disable 
1: Enable 


i Fix at "0" 

1 : error 


Fix at "0" 


Overrun 


Parity : Framing 



III t I I 



-Framing error flag 
•Parity error flag 
•Overrun error flag 



} CI eared to Zero 
when read. 



Enab le parity addition 

Prohibition (disable) 

1 Permission (enable) 
Addition / check of even parity 

Odd parity 

1 Even parity 



Receving data bit 8 



Note : Serial control register for channel 1 is SCICR (55H). 

Note : As all error flags are cleared after reading do not test only a single bit with a bit- 
testing instruction. 



Figure 3.10 (3). Serial Control Register (Channel, SCOCR) 
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7 


6 


5 4 


3 12 11 





bit Symbol 






BROCK 1 ; BROCKO 


BR0S3 i BR0S2 ! BR0S1 


BROSO 


ReadA/Vrite 


R/W 




RAV 


After reset 










i ; : 


Function 


Fix at "0" 




00: yST0{fc/4) 
01: ^T2 (fc/16) 
10: 55T8(fc/64) 
11: ^T32(fc/256) 


Setting of the Divided frequency 



Setting of the divided frequency 
L-x- of baud rate generator 



0000 


16 divisions 


0001 


Don't set 


0010 

\ 

1111 


2 to 15 divisions 



Selecting the input clock of 
baud rate generator 



00 


Internal clock ^TO (id A) 


01 


Internal clock ^T2 {fc/16) 


10 


Internal clock ^T8 {fc/64) 


11 


Internal clock ^T32 (fc/256) 



Note: As all error flags are cleared after reading, do not test only a single bit with a bit-testing 
instruction. 



Figure 3.10 (4). Serial Channel Control (Channel 0, BROCR) 



SCOBUF 
(50H) 



7 


6 


5 


4 


3 


2 


1 





TB7 


TB6 


TBS 


TB4 


TBS 


TB2 


TBI 


TBO 


7 


6 


5 


4 


3 


2 


1 





RB7 


RB6 


RB5 


RB4 


RB3 


RB2 


RBI 


RBO 



(Transmission) 



(Receiving) 



Figure 3.10 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF) 
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SC1M0D 
(0056H) 





7 


6 


5 


4 


3 2 


; 1 : 


bit Symbol 


TBS 




RXE 


WU 


SMI SMO 


SCI SCO 


ReadA/Vrite 


R/W 


After reset 

















; : 




Transfered 


Fix at "0" 


Receiving 


Wake up 


Serial Transmission 


iSerial Transmission 








Function 


Function 


mode 


iciock (UART) 




Bits 




0: Receive 


0: disable 


00: I/O interface 


;00: TOOTrigger 








disable 


1: enable 


mode 


jOI: Baud rate 


Function 






1 : Receive 




01: 7-Bit UART 


generator 








Enable 




10: B-BitUART 


jlO: Internal clock «t>1 












1 1 : 9-Bit UART 


jl 1: don't care 



J I \ I I I 



Serial transmission clock (For UART) 



00 


Timer match detect signal 


01 


Baud rate generator 


10 


Internal clock <I>1 


11 


don't care 



Note: The clock selection for the I/O interface 
mode is controlled by the serial control 
register (SC ICR). 
Serial transmission mode 



00 


I/O interface mode 


01 


; 7-Bit length 


10 


UART mode j 8-Bit length 


11 


i 9-Bit length 



Wake up Function 





9-Bit UART 


other mode 





Interrupt when 
data are received 


don't care 


1 


Interrupt only 
when RB8= 1 



Receiving control 
Receive disable 



1 Receive enable 



Transmission data bit 8 



Figure 3.10 (6). Serial Mode Control Register (Channel 1, SCI MOD) 
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SC1CR 
(0055H) 





7 


6 


5 


4 


3 


2 1 





bit Symbol 


RB8 


EVEN 


PE 


OERR 


PERR 


FERR ; SCLKS 


IOC 


ReadArt/rite 


R 


RAA/ 


R(clearto Zero when read) \ R/W 


After reset 













; i 





Function 


Received 
data 
Bits 


Parity 
0: Odd 
1 : Even 


Parity 
addition 
0: Disable 
1: Enable 


: OrSCLKl 


0: 

Baud rate 
generator 
1: SCLK1 
Pin input 


Overrun 


Parity 


i 1:SCLK1 
Framing •• 

C-i-) 



Select I/O interface input clock (Notei) 



Baud rate generate 

1 SCLK1 Pin input 



Note 1 : For channel 0, fix this bit to "0" 
Edge selection in SCLK pin input mode 



Transmits and receives ( _i ) 
data at raise edge of SCLK 



Transmits and receives ( \_ ) 
data at fall edge of SCLK 



■ Framing error flag 

■ Parity error flag 

■ Overrun error flag 

• Enable parity addition 



I Cleared to Zero 
[ when read 



Disable 
Enable 



Addition / check of even parity 



Odd Parity 
Even Parity 



Receiving data bits 



Note : As all error flags are cleared after reading, do not test only a single bit with a bit- 
testing instruction. 



Figure 3.10 (7). Serial Control Register (Channel 1, SC1CR) 
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7 


6 5 


4 


3 i 2 j 1 





bit Symbol 




; BR1CK1 


BRICKO 


BR1S3 I BR1S2 I BR1S1 


BR ISO 


ReadAA/rite 


IVW 


R/W 


After reset 











; ; ; 


Function 


Fix at "0" 




00: ysTO (fcy4) 
01: 55T2(fc/16) 
10: yjTS (fc/64) 
11: ^T32(fc/256) 


Setting of the Divided frequency 



Setting of the divided frequency of baud rate 
^ generator 



0000 


16 divided 


0001 


Don't set 


0010 

\ 

1111 


2 to 5 divisions 



Selecting the input clock of baud rate generator 



00 


Internal clock ,4 TO (fc/4) 


01 


Internal clock /T2 (fc/16) 


10 


Internal clock ^18 (fc/64) 


11 


Internal clock ,H32(fc/256) 



Note : To use baud rate generator, setTRUN<PRRUN>to "1", putting the prescaler in RUN 
mode. 



Figure 3.10 (8). Baud Rate Generator Control Register (Channel 0, BROCR) 



SC1BUF 
(0054H) 



TB7 


TB6 


TBS 


TB4 


TB3 


TB2 


TB1 


TBO 


7 


6 


5 


4 


3 


2 


1 





RB7 


RB6 


RB5 


RB4 


RB3 


RB2 


RB1 


RBO 



(Transmission) 



(Receiving) 



Figure 3.10 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF) 
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Port 6 Control Register L 





7 6 


5 4 


3 2 


1 


bit Symbol 


P63C1 ; P63C0 


P62C1 ; P62C0 


P61C1 i P61C0 


P60C1 I P60C0 


ReadAA/rite 


W 


W 


W 


W 


After reset 














Function 


00: PORT input 
01: PORT output 
10: PG03 
11: — 


00: PORT input 
01: PORT output 
10: PG02 
11: — 


00: PORT input 
01: PORT output 
10: PG01 
11: — 


00: PORT input 
01: PORT output 
10: PGOO 
1 1 : TXDO 



Prohibit Read 1 

modify write | 

I— — *- Setting P60 as TxDO output 



00 


Port input 


01 


Port output 


10 


PGOO output 


11 


TXDO (channelO) output 



Port 7 Control Register H 





7 


6 


5 4 


3 2 


1 


bit Symbol 






P76C1 i P76C0 


P75C1 1 P75C0 


P74C1 ; P74C0 


ReadA/Vrite 






W 


W 


W 


After reset 















Function 






00: PORT input 
01: PORT output 
10: SCLK1 
11: — 


00: PORT input 
01: PORT output 
10: — 
11: — 


00: PORT input 
01: PORT output 
10: TXDl 
11: — 



Prohibit Read 
modify write 



'Setting P74Txdl output 



00 


Port input 


01 


Port output 


10 


TXDl (channel 1) output 



Setting P76 as SCLK1 output 



00 


Port input 


01 


Port output 


10 


SCLK1 (channel Doutput 



Figure 3.10 (10). Port 6, 7 Control Registers 
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7 


6 


5 


4 


3 


2 


1 





bit Symbol 














0DE1 


ODEO 


ReadA/Vrite 














R/W 


After reset 




















Function 














P74 
0: CMOS 
1: OPEN 
Drain 


P60 
0: CMOS 
1: OPEN 
Drain 



Setting P60 as Open-drain output 

CMOS output 

1 Open-drain output 



Setting P74 as Open-drain 

CMOS output 

1 Open-drain output 



Port 3.10 (11). Serial Open Drain Enable Register (ODE) 
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3.10.2 Configuration 

Figure 3. 1 (1 2) shows the block diagram of the serial channel 0. 



--• Serial clock generation circuit 

BR0CR<BR0CK1. 0> TOOTRG (Timer comparator output) 



>^T0 (fc/4) 
|0T2(fc/16) 
I^T8 {fc/64) 
'^T32(fc/256) -j* 



^^ (fc/2)- 



•■- Baud rate • 
generator 



TJ 



SCOMOD 
<SC1,0> 









INTRXO INTTXO 
t 1 






Receive 
counter 
(^16) 


SCOMOD 

<wu> 


Serial channel 

interrupt 

control 




Transmission 
counter 
(-16) 



RXDCLK 

SCOMOD 

<RXE>-»- 



Receive 
control 



RxDO □- 



(Shared byP61) 



■ Receive buffen(Shift register) 



IT 



RB8 Receive buffer2 (SCOBUF) 



SCOCR 
<PE> <EVEN> 

Parity control 



Error flag 



I I I 

SCOCR 

<OERR><PERR><FERR> 



1 I i 



Transmission 
control 



^ — I — ^ CT55 ' 
^ — q (Shared by P62) > 

^ 5C0MOp<mE> 

There isn't in 
channel 1 



TB8 Transmission buffer (SCOBUF) — ^-DTxOO 

' (Shared by P60) 



Figure 3.10 (12). Block Diagram of the Serial Channel 
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Figure 3.1 (1 3) shows the blcx^k diagram of the serial channel 1 . 



i^TO (fc/4) 
!^T2(fc/16) 
',ST8 (fc/64) -I* 
VT32(fc/256)-f*- 



scLKi a- 

input 
(Shared 
by P76) 



— Serial clock generation circuit 

BR1CR<BR1CK1.0> TOOTRG (Timer comparator output) 



l?il(fc/2)- 



. Baud rate . 
generator 



o 


UART 


o 














0* 















SC1M0D 
<SC1,0> 



TT 



SCIMOD 
<SM1,0> 



I/O interface mode 



SCLKI D- 
Output ' 
(Shared 
by P76) 



SCIMOD 
<IOC> 



c 



There isn't in 
channel 



Receive 
counter 
(UART only ^ 16) 

rxdcl kI f 



SCIMOD 
<RXE> 



Receive 
control 



INTRXl INTTX1 

J L 



SCIMOD Serial channel 
interrupt 
control 



Transmission 
counter 
(UART only ^ 16) 



TXDC LK \ \ 



16 



Transmission 
control 



Parity control 



RxDO D- 



(Shared by P75) 



ij Receive buf<erl(Shtft register) 



RB8 Receive buf fer2 (SC i buf) 



Error flag 



1 I I 
SC1CR 

<OERR><PERR><FERR> 



I I I 







1 TBS 1 Transmission buffer (SC1BUF) |- 











-*dTxDO 
(Shared by P74) 



Figure 3.10 (13). Block Diagram of the Serial Channel 1 
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® Baud Rate Generator 

Baud rate generator comprises a circuit tliat generates 
transmission and receiving clocks to determine tlie 
transfer rate of the serial channel. 
The input clock to the baud rate generator, 0TO (fc/4), 
0T2 (fc/16), 0T8 (fc/64), or 0T32 (fc/256) is generated 
by the 9-bit prescaler which is shared by the timers. 



One of these input clocks is selected by the baud rate 
generator control register BR0CR/BR1CR <BR0CK1 , 
0/BR1CK1,0>. 

The baud rate generator includes a 4-blt frequency 
divider, which divides frequency by 2 to 1 6 values to 
determine the transfer rate. 
How to calculate a transfer rate when the baud rate 
generator is used is explained below. 



• UARTmode 

Transfer rate = Input clock of baud rate generator 

Frequency divisor of baud rate generator 

• I/O interface mode 

Transfer rate = Input clock of baud rate generator 

Frequency divisor of baud rate generator 

The relation between the input clock and the source clock (fc) is as follows: 
0TO = fc/4 
0T2= fc/16 
0T8= fc/64 
0T32 = fc/256 

Accordingly when source clock fc is 1 2.288MHz, input clock is 0T2 (fc/1 6), and frequency divisor is 5, the transfer rate in 
UART mode becomes as follows: 

Transfer rate = fc/16 

5 

= 1 2.288 X 1 0^/1 6/5/1 6 = 9600 (bps) 
Table 3.1 (1) shows an example of the transfer rate in UART mode. 

Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.1 (2) shows an example of baud rate using 
timer 0. 

Table 3.10 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used) 

Unit (Kbps) 



fc [MHz] 


Input Clock 

Frequency\^ 
Divisor 


0TO 
(fc/4) 


0T2 
(fc/16) 


0T8 
(fc/64) 


0T32 
(fc/256) 


9.830400 


2 


76.800 


19.200 


4.800 


1.200 


T 


4 


38.400 


9.600 


2.400 


0.600 


T 


8 


19.200 


4.800 


1.200 


0.300 


T 





9.600 


2.400 


0.600 


0.150 


12.288000 


5 


38.400 


9.600 


2.400 


0.600 


T 


A 


19.200 


4.800 


1.200 


0.300 


14.745600 


3 


76.800 


19.200 


4.800 


1.200 


T 


6 


38.400 


9.600 


2.400 


0.600 


T 


C 


19.200 


4.800 


1.200 


0.300 



Note: Transfer rate in I/O interface mode is 8 times as fast as the values given in the above table. 



MCU900-362 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C031N/F 



Table 3.10 (2) Selection of Transfer Rate (1) (When Timer (Input Clock 0T1) is Used) 



Unit(Kbps) 



TREGO ^"""---v....,,^^ 


12.288MHz 


12MHz 


9.8304MHz 


8MHz 


6.144MHz 


1H 


96 




76.8 


62.5 


48 


2H 


48 




38.4 


31.25 


24 


3H 


32 


31.25 






16 


4H 


24 




19.2 




12 


5H 


19.2 








9.6 


8H 


12 




9.6 




6 


AH 


9.6 








4.8 


10H 


6 




4.8 




3 


14H 


4.8 








2.4 



How to calculate the transfer rate (when timer is used): 

Transfer rate = fc 

TREGO X 8x16 

(When tinner (input clock ^T1) is used) 

Input clock of timer 
0T1 = ^78 
0T4= ^732 
0T16= ^^/128 

Note: Timer match detect signal cannot be used as the transfer clock in I/O interface mode. 



(D Serial Clock Generation Circuit 

This circuit generates the basic clock for transmitting 
and receiving data. 

• I/O interface mode (channel 1 only) 

When in SCLK output mode with the setting of 
SC1CR <IOC> = "0", the basic clock will be generated 
by dividing by 2 the output of the baud rate generator as 
described before. When in SCLK input mode with the 
setting of SCI CR <IOC> = "1 ", the rising edge or falling 
edge will be detected according to the setting of SCI CR 
<SCLKC> register to generate the basic clock. 

• Asynchronous Communication (UART) mode 



According to the setting of SCOCR and SC1CR 
<SC1 , 0>, the above baud rate generator clock, internal 
clock 01 (500Kbps @ fc = 1 6 MHz), or the match detect 
signal from timer will be selected to generate the basic 
clock SIOCLK. 



(D Receiving Counter 

The receiving counter is a 4-bit binary counter used 
in asynchronous communication (UART) mode and 
counts up by SIOCLK clock. 1 6 pulses of SIOCLK are 
used for receiving one bit of data, and the data bit is 
sampled three times at 7th, 8th and 9th clock. 

With the three samples, the received data is evalu- 
ated by the rule of majority. 

For example, if the sampled data bit is "1 ", "0" and 
"1 " at 7th, 8th and 9th clock respectively, the received 
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data is evaluated as "1". The sampled data "0", "0" and 
"1 " is evaluated that the received data is "0". 

® Receiving Control 

• I/O interface mode (channel 1 only) 

When in SCLK1 output mode with the setting of 
SC1CR <IOC> = "0", RxD1 signal will be sampled at the 
rising edge of shift clock which is output to SCLK pin. 

When in SCLK input mode with the setting SC1CR 
<IOC> = "1 RxD1 signal will be sampled at the rising 
edge or falling edge of SCLK input according to the set- 
ting of SC1CR <SCLKS> register. 

• Asynchronous Communication (UART) mode 

The receiving control has a circuit for detecting the 
start bit by the rule of majority. When two or more "0" are 
detected during 3 samples, it is recognized as start bit 
and the receiving operation is started. 

Data being received is also evaluated by the rule of 
majority. 

(D Receiving Buffer 



To prevent overrun error, the receiving buffer has a 
double buffer structure. 



Received data is stored one bit by one bit in the 
receiving buffer 1 (shift register type). When 7 bits or 8 
bits of data are stored in the receiving buffer 1 , the stored 
data is transferred to another receiving buffer 2 
(SC0BUF/SC1BUF), generating an interrupt INTRXO/ 
INTRX1 . The CPU reads only receiving buffer 2 
(SC0BUF/SC1 BUF). Even before the CPU reads the 
receiving buffer 2 (SC0BUF/SC1 BUF), the received data 
can be stored in the receiving buffer 1 . However, unless 
the receiving buffer 2 (SC0BUF/SC1 BUF) is read before 
all bits of the next data are received by the receiving 
buffer 1 , an overrun error occurs. If an overrun error 
occurs, the contents of the receiving buffer 1 will be lost, 
although the contents of the receiving buffer 2 and 
SCOCR <RB8> SC1CR <RB8> are still preserved. 

The parity bit added in 8-bit UART mode and the 
most significant bit (MSB) in 9-bit UART mode are stored 
in SCOCR <RB8>/SC1CR <RB8>. 

When in 9-bit UART mode, the wake-up function of 
the slave controllers is enabled by setting SCOMOD 
<WU>/SC1 MOD <WU> to "1 ", and interrupt INTRXO/ 
INTRX1 occurs only when SCOCR <RB8>/SC1 OR 
<RB8> is set to "1". 

(D Transmission Counter 

Transmission counter is a 4-bit binary counter which 
is used in asynchronous communication (UART) mode 
and, like a receiving counter, counts by SIOCLK clock, 
generating TxDCLK every 1 6 clock pulses. 



SIOCLK JULJJLXJUUUL^^ 

15 16 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 \^ 2 
TXDCLK jjj 



Figure 3.10 (14). Generation of Transmission Clock 
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® Transmission Controller 



• I/O interface mode (channel 1 only) 

In SCLK output mode with the setting of SC1 CR 
<IOC> = "0", the data in the transmission buffer are out- 
put bit by bit to TxD1 pin at the rising edge of shift clock 
which is output from SCLK1 pin. 

In SCLK input mode with the setting SC1CR <IOC> 
= "1 ", the data in the transmission buffer are output bit by 
bit to TxD1 pin at the rising edge or falling edge of SCLK 
input according to the setting of SC1 CR <SCLKC> regis- 
ter. 

• Asynchronous Communication (UART) mode 

When transmission data is written in the transmission 
buffer sent from the CPU, transmission starts at the rising 



edge of the next TxDCLK, generating a transmission shift 
clock TxDSFT. 

Handshake function 



Serial channel has a CTSO pin. Using this pin, data 
can be sent in units of one frame; thus, overrun errors 
can be avoided. The handshake function is enabled/dis- 
abled by SCO MOD < CTSE>. 

When the CTSO pin goes high, after completi on of 
the current data send, data send is halted until the CTSO 
pin goes low again. The INTTXO Interrupts are generated, 
requests the next send data to the CPU. 

Though there is no RTS pin, a handshake function 
can be e asily configur ed by setting any port assigned to 
the RTS function. The RTS should be output "High" to 
request data send halt after data receive is completed by 
a software in the RXD interrupt routine. 



96C031 




Sender 



Figure 3.10 (15). Handshake Function 
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3 to write 



Timing t 
transmission buffer ^ ^ 



I Send is suspended 

CTS from (1) to (2). 



13 14 15 16 1 2 3 14 15 16 1 2 3 

siocLK ^vJLJULJLJLXJU^-JULJ^^ 

TxDCLK \S n , n 

\ start bit „ / bitO 



Note 1 : If the CTS signal falls during transmission, the next data is not sent after the 

completion of the current transmission. 
Note 2 : Transmission starts at the first TxDCLK clock fall after the CTS signal falls. 



Figure 3.10 (16). Timing of CTS (Clear to Send) 



® Transmission Buffer 

Transmission buffer (SC0BUF/SC1 BUF) shifts to and 
sends the transmission data written from the CPU from 
the least significant bit (LSB) in order, using transmission 
shift clock TxDSFT which is generated by the transmis- 
sion control. When all bits are shifted out, the transmis- 
sion buffer becomes empty and generates INTTXO/ 
INTTX1 interrupt. 



(D Parity Control Circuit 



When serial channel control register SCOCR <PE>/ 
SC1CR <PE> is set to "1 ", it is possible to transmit and 
receive data with parity. However, parity can be added 
only in 7-bit UART or 8-bit UART mode. With SCOCR 
<EVEN>/SC1CR <EVEN> register, even (odd) parity can 
be selected. 

For transmission, parity is automatically generated 
according to the data written in the transmission buffer 
SCBUF, and data are transmitted after being stored in 
SCOBUF <TB7>/SC1 BUF <TB7> when in 7-bit UART 
mode while in SCMOD <TB8>/SCM0D <TB8> when in 
8-bit UART mode. <PE> and <EVEN> must be set 
before transmission data are written in the transmission 
buffer. 

For receiving, data is shifted in the receiving buffer 1 , 
and parity is added after the data is transferred in the 
receiving buffer 2 (SC0BUF/SC1 BUF), and then com- 



pared with SCOBUF <RB7>/SC1 BUF <RB7> when in 7- 
bit UART mode and with SCOMOD <RB8>/SC1 MOD 
<RB8> when in 8-bit UART mode. If they are not equal, a 
parity error occurs, and SCOCR <PERR>/SC1CR 
<PERR> flag is set 

® Error Flag 

Three error flags are provided to increase the reliabil- 
ity of receiving data. 

1. Overrun error <OERR> 

If ail bits of the next data are received in receiving 
buffer 1 while valid data is stored in receiving buffer 2 
(SCBUF), an overrun error will occur. 

2. Parity error <PERR> 

The parity generated for the data shifted in receiving 
buffer 2 (SCBUF) is compared with the parity bit received 
from RxD pin. If they are not equal, a parity error occurs. 

3. Framing error <FERR> 

The stop bit of received data is sampled three times 
around the center. If the majority is "0", a framing error 
occurs. 



MCU900-366 



TLCS-900 16-bit Microcontroller 



TMP96C031N/F 



<D> Generating Timing 
1) UARTmode 



Receiving 





9-Bit 


8-Bit + Parity 


8-Bit, 7-Bit + Parity, 7-Bit 


Interrupt timing 


Center of last bit (Bit 8) 


Center of last bit (parity bit) 


Center of stop bit 


Framing error timing 






Center of stop bit 


Parity error timing 


Center of last bit (Bit 8) 


Center of last bit (parity bit) 


Center of stop bit 


Overrun error timing 


Center of last bit (Bit 8) 


Center of last bit (parity bit) 


Center of stop bit 


Transmitting 


— -^___JVIode 


9-Blt 


8-Blt + Parity 


8-Bit, 7-Bit + Parity, 7-Bit 


Interrupt timing 


Just before last bit is transmitted. 


<- 


<- 



2) I/O Interface mode 



Transmission interrupt tim- 
ing 


SCLK output mode 


Immediately after rise of last SCLK signal. (See figure 3.10 (19) .) 


SCLK input mode 


Immediately after rise of last SCLK signal (rising mode), or immediately after fall in 
falling mode. (See figure 3.10(20)) 


Receiving interrupt timing 


SCLK output mode 


Timing used to transfer received data to data receive buffer 2 (SC1 BUF); that is, 
immediately after last SCLK. (See figure 3.10 (21)) 


SCLK input mode 


Timing used to transfer received data to data receive buffer 2 (SCI BUF); ttiat is. 
immediately after SCLK. (See figure 3.10 (22)) 
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3.10.3 Operational Description 

(1) Mode (1/0 interface mode) 

This mode is used to increase the number of I/O pins 



for transmitting or receiving data to or from the external 
shifter register. 

This mode includes SCLK output mode to output syn- 
chronous clock SCLK and SCLK input mode to input 
external synchronous clock SCLK. 



Output 
extension 

TMP96C031 

TxD ■ 

SCLK 

Port 



Input 
extension 



Shift register 


A 




B 


SI 


C 




D 


SCK 


E 




F 


RCK 


G 




H 


TC74HC595 


or 


the like 





TMP96C031 
RxD 
SCLK 
Port 



Shift register 


A 






B 




QH 


c 






D 




CLOCK 


E 






F 




S/L 


G 






H 




TC74HC165or 
the like 





Figure 3.10 (17). Example of SCLK Output Mode Connection 




External clod 



Shift register 


A 


SI 


B 

c 




D 


SCK 


E 




F 


RCK 


G 




H 


TC74HC595 


or 


the like 






External clock 



Shift register 


A 






B 




OH 


C 






D 




CLOCK 


E 






F 




S/L 


G 






H 




TC74HC165or 
the like 
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Figure 3.10 (18). Example of SCLK Input Mode Connection 
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® Transmission 

In SCLK output mode, 8-bit data and synchronous clock 
are output from TxD pin and SCLK pin, respectively, each 



time the CPU writes data in the transmission buffer. When 
all data is output, INTES1 <ITX1 C> will be set to generate 
INTTX1 interrupt. 



Timing to write 
transmission — 
data 

SCLK output 
TxD 



ITX1C (INTTX1_. 
interrupt request) 



" \ bits ) r" bit7 ) r 



JT TL 



Jl 



Figure 3.10 (19). Transmitting Operation in I/O Interface Mode (SCLK Output Mode) 



In SCLK output mode, 8-bit data are output from TxD1 when all data are output. INTES1 <ITXIC> will be set 

pin when SCLK input becomes active while data are to generate INTTX1 interrupt, 

written in the transmission buffer by CPU. 



SCLK input 

(SCLKC = 0: Rising edge mode) 





SCLK input 

(SCLKC = 1 : Falling edge mode) 

TxD X bitO X biti ) (^ ^bit5 X bit6 X bit? ) C 

TxDSFT n n. n n 



ITX1C (INTTXl 

interrupt request) 



Figure 3.10 (20). Transmitting Operation in I/O Interface Mode (SCLK Input Mode) 
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(D Receiving 

In SCLK output mode, synchronous clock is output 
from SCLK pin and the data is shifted in the receiving 
buffer 1 whenever the receive interrupt flag INTES1 



<IRX1C> is cleared by reading the received data. 
When 8-bit data are received, the data will be trans- 
ferred in the receiving buffer 2 (SC1 BUF) at the timing 
shown below, and INTES1 <IF6<1C> will be set again 
to generate INTRX1 interrupt. 



IRX1C 



RxD bitO X biti XbitZ^'^ X bit 6 yC'T^X7~y ^ 

Tuning to shift data in f^^r^D^J?^^ ^ 
the receiving buffer 2 "^'^^^1 j | 



Figure 3.10 (21). Receiving Operation in I/O Interface Mode (SCLK Output Mode) 



In SCLK input mode, the data is shifted in the receiving 
buffer 1 when SCLK input becomes active, while the 
receive interrupt flag INTES1 <IRX1 C> is cleared by read- 
ing the received data. When 8-bit data is received, the 



data will be shifted in the receiving buffer 2 (SC1 BUF) at 
the timing shown below, and INTES1 <IRX1 C> will be set 
again to generate INTRX interrupt. 



SCLK input 

(SCLKC = 0: Rising edge mode) 



SCLK input 
(SCLKC = 1 : Falling edge mode) 



RxD 

Timing toshiftdala 
in the receiving 
buffer 2 




-^TF-T~^tri (EitT^p X--faitr-irT^^ 



Generate . 
INTRX1 



Figure 3.10 (22). Receiving Operation in I/O Interface Mode (SCLK Input Mode) 



Note: For data receiving, the system must be placed in the receive enable state (SCMOD <RXE> = "1 ") 
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(2) Mode 1 (7-bit UART Mode) 

The 7-bit mode can be set by setting serial channel 
mode register SCOMOD <SM1 , 0> /SC1 MOD <SM1 , 
0> to "01". 

In this mode, a parity bit can be added, and the addi- 
tion of a parity bit can be enabled or disabled by serial 
channel control register SCOCR <PE>/SC1CR <PE>, 



and even parity or odd parity is selected by SCOCR 
<EVEN>/SC1CR <EVEN> when <PE> is set to "1" 
(enable). 

Setting example: When transmitting data with the fol- 
lowing format, the control registers 
should be set as described below. 
Channel is explained here. 




Direction of transmission (transmission rate: 2400 bps @fc= 12.288 MHz) 







7 


6 


5 


4 


3 


2 


1 


P9CRL 


<- 














1 


SCOMOD 


<— 


X 







X 





1 





SCOCR 


<- 


X 


1 


1 


X 


X 


X 





BROCR 


<- 





X 


1 








1 





TRUN 


<— 


X 


X 


1 










INTESO 


<r- 


1 


1 














SCOBUF 


<- 




* 








* 


* 



Note: x; don't care -; no change 





1 Select P60 as the TxD pin. 

1 Set 7-bit UART mode. 

Add an even parity. 

1 Set transfer rate at 2400 bps. 

Start the prescaler for the baud rate generator. 
Enable INTTXO interrupt and sets interrupt level 4. 
* Set data for transmission. 



(3) Mode 2 (8-bit UART Mode) 

The 8-bit UART mode can be specified by setting 
SCOMOD <SM1 , 0> / SC1 MOD <SM1 , 0> to "10". In 
this mode, parity bit can be added, the addition of a 
parity bit is enabled or disabled by SCOCR <PE>/ 



SC1 CR <PE>, and even parity or odd parity is selected 
by SCOCR <EVEN>/SC1CR <EVEN> when <PE> is 
set to "1" (enable). 

Setting example: When receiving data with the follow- 
ing format, the control register 
should be set as described below. 




Direction of transmission (transmission rate: 9600 bps @ fc= 12.288 IVIHz) 
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Main setting 







7 


6 5 


4 


3 


2 


1 


P9CRL 


<- 
















SCOMOD 


<r- 




1 


X 


1 








SCOCR 


<— 


X 


1 


X 


X 


X 





BROCR 


<- 





X 


1 





1 





TRUN 


<— 


X 


X 1 










INTESO 


<- 








1 


1 








Select P61 (RxD) as the input pin. 
1 Enable receiving in 8-bit UART nfiode. 

Add an odd parity. 

1 Set transfer rate at 9600 bps. 

Start the prescaler for the baud rate generator. 
Enable INTTXO interrupt and sets interrupt level 4. 



Interrupt processing 
Acc<- SCOCR and 00011100 
ifAcc;tOthen ERROR 
Acc <- SCOBUF 



Note: 



^ Check for error. 

Read the received data, 
x; don't care -; no change 



(4) Mode 3 (9-bit UART Mode) 

9-bit UART mode can be specified by setting 
SCOMOD <SM1 , 0> /SC1 MOD <SM1 , 0> to "1 1 ". In 
this nnode, parity bit cannot be added 
For transnnission, the MSB (9th bit) is written in SCMOD 
<TB8>, while in receiving it is stored in SCOR <RB8>. 
For writing and reading the buffer, the MSB is read or 
written first, then SC0BUF/SC1 BUF 



Wake-up function 

In 9-bit UART nnode, the wake-up function of slave 
controllers is enabled by setting SCOMOD <WU> / 
SC1 MOD <WU> to "1 ". The interrupt INTRX1/INTRX0 
occurs only when <RB8> = 1 















































TxD RxD 
Master 




TxD RxD 
Slave 1 




TxD RxD 
Slave 2 




TxD RxD 
Slave 3 



Note : TxD pin of the slave controllers must be in open drain output mode. 



Figure 3.10 (23). Serial Link Using Wake-Up Function 
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Protocol (3) The master controller transmits one-frame data 

including the 8-bit select code for the slave control- 
® Select the 9-bit UART mode for master and slave ,3^5. The MSB (bit 8) <TB8> is set to "1 

controllers. 



(D Set SCOMOD <WU>/SC1 MOD <WU> bit of each 
slave controller to "1 " to enable data receiving. 




Select code of slave controller "1" 



® Each slave controller receives the above frame, and 
clears WU bit to "0" if the above select code matches 
its own select code. 



(D The master controller transmits data to the specified 
slave controller whose SCOMOD <WU> / SC1 MOD 
<WU> bit is cleared to "0." The MSB (bit 8) <TB8> is 
cleared to "0". 




Data "0" 



(D The other slave controllers (with the <WU> bit remain- 
ing at "1 ") ignore the receiving data because their 
MSBs (bit 8 or <RB8>) are set to "0" to disable the 
interrupt INTRX0/INTRX1. 



The slave controllers (WU = 0) can transmit data 
to the master controller, and it is possible to indicate 
the end of data receiving to the master controller by 
this transmission. 
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Setting Example: To link two slave controllers serially the internal clock 01 (fc/2) as the transfer clock, 
with the master controller, and use 





































TxD RxD 
Master 




TxD RxD 
Slave 1 




TxD RxD 
Slave 2 



Select code 
00000001 



Select code 
00001010 



Since serial channels and 1 operate in exactly the 
same 



way, channel is used for the purposes of explanation. 



• Setting the master controller 
Main setting 

P6CRL 1 1 

INTESO f- 1 1 1 1 1 

SCOMOD <- 1 1 1 1 1 

SCOBUF ^ 1 



Select P60 as TxD pin and P61 as RxD pin. 

Enable INTTXO and sets ttie interrupt level 4. 

Enable INTRXO and sets the interrupt level 5. 

Set 01 (fc/2) as the transmission clock in 9-bit UART mode. 

Set the select code for slave controller 1 . 



INTTXO interrupt 
SCOMOD <- 
SCOBUF <- 



Set TBS to "0". 

Set data for transmission. 



• Setting the slave controller 2 

Main setting 
P6CRL 
ODE 



INTESO 
SCOMOD 



Select P61 as RxD pin and P60 as TxD pin. 
Enable INTRXO and INTTXO. 

Set <WU> to "1" in the 9-bit UART transmission mode with transfer 
clock 01 (fc/2). 



INTRXO interrupt 
Accf- SCOBUF 
If Acc = Select Code 
Then SC0MOD4 



Clear <WU> to "0". 
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3.1 1 Analog/Digital Converter 

The TMP96C031 F contains a high-speed analog/digital con- 
verter (A/D converter) with 4-channel analog input that features 
10-bit successive approximation. 



Figure 3. 11 (1) shows the block diagram of the A/D con- 
verter. The 4-channel analog input pins (AN3 to ANO) are 
shared by input-only P5 and so can be used as input port. 



Analog input 

AN3(P53) 

AN2(P52) D— 
AN1 {P51) 

AN0(P50) □— ♦ 




2^ 



A/D conversion result register 
(ADREG0toADREG3) 



^REF □- 



D/A converter 



Figure 3.11 (1). Block Diagram of A/D Converter 



Notel : This A/D converter does not have a built-in sample and hold circuit. Therefore, when A/D converting high-frequency signals, connect a sample and 
hold circuit externally. 

Note2: The lower the power supply current in IDLE or STOP mode, depending on the timing, standby mode can be entered with the internal comparator in 
enable state. Thus, stop /VD conversion before executing the HALT instruction. 

The ladder resistor between VREF- GND cannot be disconnected internally Therefore, IREF will flow regardless of the mode. 
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3.11.1 Control Register 



ADMOD 
(005EH) 





7 6 


5 


4 


3 12; 1 i 


bit Symbol 


EOCF ; ADBF 


REPET 


SCAN 


ADCS i ADS '■■ A0CH1 \ ADCHO 


Read/Write 


R 


R/W 


R/W 


R/W RW 


After reset 























Function 


1: END 


1: BUSY 


1 : Repeat 
Mode Set 


1 : Scan 
Mode Set 


1: Low 
speed 
mode 


1 : START ^ 

Channel Select 




i 1 1 1 1 i 



Analog input channel select 





Normal 


Scan mode 


00 


ANO 


ANO 


01 


AN1 


ANO-*AN 1 


10 


AN2 


AN0-»AN1-»AN2 


11 


AN3 


ANO-»AN 1 -»AN2->AN3 



. A/D conversion start 



Start A/D conversion. 



Note) Always "0" when data is read. 
■ A/D conversion speed selection 



A/D High speed conversion mode: 95 states = 9.5//S (@20MHz) 
A/D Low speed conversion mode : 190 states = 19//s(@20MH2) 



. Specification of A/D scan mode 



Fixed A/D conversion channel mode 
A/D conversion channel scan mode 



■ Selecting A/D repeat mode 



A/D conversion single mode 
A/D conversion repeat mode 



A/D conversion busy flag 



A/D conversion not busy 
A/D conversion busy 



. A/D conversion end flag 



A/D conversion not ended nor started 
A/D conversion ended 



Figure 3.11 (2). A/D Converter Mode Register (ADMOD) 
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ADREGO 
(0060H) 



ADREG1 
(0061 H) 



ADREG2 
(0062H) 



ADREG3 
(0063H) 





7 


6 5 


4 


3 


2 


1 





bit Symbol 
















ReadAA/rite 


R 


After reset 


Undefined 


Function 


Channel of A/D conversion result register is stored. 


Register for saving an A/D switch value for ANO 




7 


6 5 


4 


3 


2 


1 





bit Symbol 
















Read/Write 


R 


After reset 


Undefined 


Function 


Channel 1 of A/D conversion result register is stored. 


Register for saving an A/D switch value for AN 1 




7 


6 5 


4 


3 


2 


1 





bit Symbol 
















ReadA/Vrite 


R 


After reset 


Undefined 


Function 


Channel 2 of ND conversion result register is stored. 


Register for saving an A/D switch value for AN2 




7 


6 5 


4 


3 


2 


1 





bit Symbol 
















Read/Write 


R 


After reset 


Undefined 


Function 


Channel 3 of NO conversion result register is stored. 



Register for saving an /V/D switch value for AN3 



Figure 3.11 (3). Register for Saving an A/D Switch Value (ADREGO ~ 3) 
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3.11.1 Operation 

(1 ) Analog Reference Voltage 

High analog reference voltage is applied to the VREF 
pin. 

The reference voltage between VREG and AGND is 
divided by 256 using ladder resistance, and compared 
with the analog input voltage for A/D conversion. 

(2) Analog Input Channels 

Analog input channel is selected by ADMOD <ADCH1 , 
0>. However, in fixed analog input mode, one channel 
is selected by ADMOD <ADCH1 , 0> among four pins: 
ANO to AN3. 

In analog input channel scan mode, the number of 
channels to be scanned from ANO is specified by 
ADMOD <ADGH1 , 0>, such as ANO -> AN1 , ANO 
AN1 AN2. and ANO -> AN1 -> AN2 -> AN3. 
When reset, A/D conversion channel register will be ini- 
tialized to ADMOD <ADCH1 , 0> = 00, so that ANO pin 
will be selected. 

The pins which are not used as analog input channel 
can be used as ordinary input port P5. 

(3) Starting A/D Conversion 

A/D conversion starts when A/D conversion register 
ADMOD <ADS> is written "1 ". When A/D conversion 
starts, A/D conversion busy flag ADMOD <ADBF> 
which indicates 'WD conversion is in progress" will be 

set to "1". 

(4) /VD Conversion Mode 

Both fixed A/D conversion channel mode and A/D con- 
version channel scan mode have two conversion 
modes, i.e., single and repeat conversion modes. 
In fixed channel repeat mode, conversion of specified 
one channel is executed repeatedly. 
In scan repeat mode, scanning from ANO, ■•■ ^ AN3 is 
executed repeatedly 

A/D conversion mode is selected by ADMOD <REPET, 
SCAN>. 



(5) /VD Conversion Speed Selection 

There are two A/D conversion speed modes: high 
speed mode and low speed mode. The selection is 
executed by ADMOD <ADCS> register. 
When reset, ADMOD <ADCS> will be initialized to "0," 
so that high speed conversion mode will be selected. 

(6) A/D Conversion End and Interrupt 

• A/D conversion single mode 

ADMOD <EOCF> for /VD conversion end will be set to 
"1 ," ADMOD <ADBF> flag will be reset to "0," and 
INTAD interrupt will be enabled when A/D conversion 
of specified channel ends in fixed conversion channel 
mode or when A/D conversion of the last channel ends 
in channel scan mode. 

(7) Storing the A/D Conversion Result 

The results of A/D conversion are stored in ADREGO to 
ADREG3 registers for each channel. In repeat mode, 
the registers are updated whenever conversion ends. 
ADREGO to ADREG3 are read-only registers. 

(8) Reading the A/D Conversion Result 

The results of /VD conversion are stored in ADREGO to 
ADREG3 registers. When the contents of one of 
ADREGO to ADREG3 registers are read, ADMOD 
<EOCF> will be cleared to "0". 

Setting example: ® When the analog input volt- 
age of the AN3 pin is A/D 
converted and the result is 
stored in the memory 
address FF1 OH by /VD 
interrupt INTAD routine. 
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[ 



Main setting 

INTEOAD «- 1 1 X X X X 
ADMOD <- X X 1 1 1 



Enable INTAD and sets interrupt level 4. 
Specify AN3 pin as an analog input channel and starts 
A/D conversion in high speed mode. 



INTAD routine 

A ^ ADREG3 

. (FFIOH) <- A 



The value of ADREG3 is read into the accumulator. Then the accumulator 
value is stored into memory at FF10H. 



Setting example: (D When the analog pin voltage of 

ANO ~ AN2 pin is A/D converted in 



high speed conversion channel scan repeat 
mode. 



INTEOAD ^ 1 X X X X X Disable INTAD. 

ADMOD <- X X 1 1 1 1 Start the A/D conversion of analog input channels ANO ~AN2 

in the high-speed scan repeat mode. 



Note: 



x; don't care -; no change 



3.12 Watchdog Timer (Runaway Detecting Timer) 

The TMP96C031 F is containing watchdog timer of Runaway 
detecting. 

The watchdog timer (WDT) is used to return the CPU to 
the normal state when it detects that the CPU has started to 
malfunction (runaway) due to causes such as noise. When the 
watchdog timer detects a malfunction, it generates a non- 



maskable interrupt to notify the CPU of the malfunction, and 
outputs externally from watchdog timer out pin WDTOUT to 
notify the peripheral devices of the malfunction. 

Connecting the watchdog timer output to the reset pin 
internally forces a reset. 

A built-in function is used to stop the WDT count at bus 
release request (BUSRQ). 
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3.12.1 Configuration 

Figure 3.1 2 (1) shows the block diagram of the watchdog timer (WDT). 



RESET □ ^>o- 

INTWD 



C:^ ^ 

C T^-*- Internal reset 



-{>o □ WDTOUT 



WDMOD<RESET> 



WDMOD- 
<WDTP1,0>- 



Selector 



Watchdog timer 
22-stage binary counter 



(Stop or Idle mode) 



4EH 
Write 



Q 

R S 



B1H 
Write 



Watchdog timer 
control register 





Internal bus 



Watchdog tinrier 
out control 



reset TY U ^1 



-Reset 
-WDMOD 
<WDTE> 



1 I 



Figure 3.12 (1). Block Diagram of Watchdog Timer 
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The watchdog timer is a 22-stage binary counter which 
uses (fc/2) as the input clock. There are four outputs fronn the 
binary counter: 2''^/fc, 2''^/fc, 2Pi\q,, and 2^^/(0. Selecting one 
of the outputs with the WDMOD register generates a watch- 
dog interrupt, and outputs watchdog timer out when an over- 
flow occurs. 

Since the watchdog timer out pin (WDTOUT) outputs "0" 
due to a watchdog timer overflow, the peripheral devices can 
be reset. 

Clearing the watchdog timer (by writing the clear code 
(4EH) to the WDCR) after disabling it sets to output to 1 (Pro- 
gram example). 

LDW (WDMOD), 0B100H ; disables 

watchdog timer 



LD (WDCR), 4EH ; writes clear code 

SET 7, (WDMOD) ; enables watchdog 

timer again. 



In other words, the WDTOUT keeps outputting "0" until 
the clear code Is written. 

The watchdog timer out pin can also be connected to the 
reset pin in ternally. In this case, the watchdog timer out pin 
(WDTOUT) outputs at 8 to 20 states (800ns to 2.0ms @ 
20MHz) a nd resets itself. 

The WDTOUT (also used as P67) is multiplexed with pin 
PG13; s etting mus t be done using the port 6 control register, 
P6CRH (WDTOUT pin is set after reset). 



WDT Counter 



WDT Interrupt | | ^ 

Clear code of write 

WDT Clear 

(Software) SS — 



WDTOUT 



Figure 3.12 (2). Normal Mode 



Overflow 

WDT Counter n 



WDT Interrupt | [_ 




Figure 3.12 (3). Reset Mode 
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3.12.2 Control Registers 

Watchdog timer WDT is controlled by two control registers 
WDMOD and WDCR. 

(1 ) Watchdog Timer Mode Register (WDMOD) 

® Setting the detecting time of watchdog timer 
<WDTP> 



To disable, it is necessary to clear this bit to "0" and 
write the disable code (B1 H) in the watchdog timer 
control register WDCR. This makes it difficult for the 
watchdog timer to be disabled by runaway. 
However, it is possible to return from the disable state 
to enable state by merely setting <WDTE> to "1 ". 

(D Watchdog timer out reset connection <RESCR> 



This 2-bit register is used to set the watchdog timer 
interrupt time for detecting the runaway. This register is 
initialized to WDMOD <WDTP1 , 0> = 00 when reset, 
and therefore 2^^/fc is set. (The number of states is 
approximately 32,768.) 

(D Watchdog timer enable/disable control register 
<WDTE> 



When reset, WDMOD <WDTE> is initialized to "1" 
enable the watchdog timer. 



This register is used to conne ct the output of the 
watchdog timer with RESET terminal, internally. Since 
WDMOD <RESCR> is initialized to at reset, a reset 
by the watchdog timer will not be performed. 

(2) Watchdog Timer Control Register (WDCR) 

This register is used to disable and clear the binary 
counter of the watchdog timer function. 



Disable control 



WDMOD 
WDCR 



1 







X X Clear WDMOD <WDTE> to "0". 

1 Write the disable code (B1H). 



Enable control 
Set WDMOD <WDTE> to "1". 



• Watchdog timer clear control 

The binary counter can be cleared and resume count- 
ing by writing clear code (4EH) into the WDCR register. 



WDCR ^- 1 1 1 1 



Write the clear code (4EH). 
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WDMOD 
(OOSCH) 





7 6 


5 


4 


3 


2 1 1 i 


bit Symbol 


WDTE ■ WDTP1 


WDTPO 


WARM 


HALTM1 


HALTMO • RESCR i DRVE 


Read/Wrile 


R/W 


After reset 


1 








; ; : 


Function 


WDT 
control 

1: Enable 


Select detecting time 

00: 216/fc 
01: 2ie/fc 
10: 220/fc 
11: 222/fc 


Warming 
Up time 

0: 2i«/fc 
1: 216/fc 


Standby mode ;1: ;1: 

00: RUN mode ; internally ; Drive the 
01: STOP mode ; connects i pin even in 
10: IDLE mode ; wot out to ; stop mode 
11: Don't care ; the reset pm; 




1 11 1 I 



^ DRVE (explanation by stop mode) 
— »- Watchdog timer out control 



Select the standby mode HALT instruction 



00 


RUN mode (Only the CPU stops) 


01 


STOP mode (All circuits stop) 


10 


IDLE mode (Only the oscillator operates) 


11 


Don't care 



Select the detecting period of watchdog 
timer 



2i4/fc(approx. 0.8ms @20MH2) 

1 2'6/fc(approx. 3.3ms @20MHz) 



Select the detecting time of watchdog timer 



00 


216/fc (approx. 3.3ms @20fMHz) 


01 


2i8/fc(approx. 13.1ms@20MHz) 


10 


220/fc (approx. 52.4ms @20MHz) 


11 


22^/fc (approx. 209ms @20MH2) 



Watchdog timer Enable / Disable control 
Disable 



Figure 3.12 (4). Watchdog Timer Mode Register 
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WDCR 
(005DH) 





7;6^5;4;3:2:i;o 


bit Symbol 




Read/Write 


w 


After reset 




Function 


B1H : WDT disable code 
4EH : WDT clear code 



I » Disable/Clear WDT 



BIH 


Disable code 


4EH 


Clear code 


Others 





Figure 3.12 (5). Watchdog Timer Control Register 




Figure 3.12 (6) 
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3.12.3 Operation 

The watchdog timer generates interrupt INTWD after the 
detecting time set in the WDMOD <WDTP1 , 0> register and 
outputs a low level signal. The watchdog timer must be zero- 
cleared by software before an INTWD interrupt is generated. If 
the CPU malfunctions (runaway) due to causes such as noise, 
but does not execute the instruction used to clear the binary 
counter, the binary counter overflows and an INTWD interrupt 
is generated. The CPU detects malfunction (runaway) due to 
the INTWD Interrupt and it is possible to return to normal oper- 



ation by an anti-malfunction program. By connecting the 
watchdog timer out pin to peripheral devices' resets, a CPU 
malfunction can also be acknowledged to other devices. 

The watchdog timer restarts operation immediately after 
resetting is released. 

The watchdog timer stops its operation in the IDLE and 
STOP modes. In the RUN mode, the watchdog timer is 
enabled. 

However, the function can be disabled when entering the 
RUN mode. 



Example: ® Clear the binary counter 

WDCR <- 1 1 1 1 

(D Set the watchdog timer detecting time to 2^^/fc 
WDMOD f- 1 1 - - - X X 



Write clear code (4EH). 



(D Disable the watchdog timer 

WDMOD <- ----- X X Clear WDTE to "0". 
WDCR f- 1 1 1 1 Write disable code (B1H). 



Set IDLE mode 

WDMOD ^ - - - 1 X X 

WDCR <- 1 1 1 1 
Executes HALT command 

Set the STOP mode (warming up time: 2''^/fc) 

WDMOD <- - - - 1 1 X x 
Executes HALT command 



Disables WDT and sets IDLE mode. 



Set the standby mode 



Set ttie STOP mode. 

Execute HALT instruction. Set ttie standby mode. 



2) Writing 1 to the P4FC <BUSWDT> register halts count by request signal, BUSRQ. 

the WDT binary counter at bus release due to the bus 
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3.13 Dynamic RAM (DRAM Controller 

The TMP96C031 F consists of a control circuit to refresh 



DRAM, an access circuit to perform read/write, and an 
address decoder. 

Rgure 3. 1 3 (1 ) shows a bbck diagrann of the DRAM controller. 



X 



CSO-2 



R/W 



X 



3 r~TA r 



Figure 3.13 (1). DRAM Controller 



3.13.1 Control Register 



~1 \ — \ \ — I \ — \ I — 1 \ — I I — \ I — L_J — L 



tSCY 



SCLK 



OUTPUT DATA 
TxD 



INPUT DATA 
RxD 




MCU900-386 



Figure 3.13 (2). Chip Select Wait Control Register (B3CS) 
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BUSRQ 



(note) 



AD0~AD15. A0-A23. 
CS0-CS2, RAA/. RAS. 
"CAS6~CAS2 



RD. WR, HWR 



tBRC 



-*\ 1-*- tBRC 



tCBAL 



tABA 



-tCBAH 



-*tBAA 



"^S 

V — .^v- 





■-< 



Figure 3.13 (3). Port 4 Function Register 
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DREFCR 
(004BH) 





7 


6 


5 4 




3 




2 1 





bit Symbol 


OMI 


RS2 


RSI RSO 




RW2 




RW1 i RWO 


RC 


Read/Wrtte 


R/W 


After reset 


















; 





Function 


Dummy 
cycle 

0: Prohibit 
1: Execute 


Refresh eye 
000 
001 
010 
Oil 
100 
101 
110 
111 


e insertion interval 
15 states 
31 states 
62 states 
78 states 
97 states 
109 states 
124 states 
154 states 


Refresh cycle width 

000: 2 states 
001: 3 states 
010: 4 states 
Oil: 5 states 
100: estates 
101: 7 states 
110: 8 states 
111: 9 states 


Refresh cycle 
0: Not 

inserted 
1 : Inserted 



' — Refresh cycle control 






Do not insert refresh cycle 


1 


Insert refresh cycle 



^Refresh cycle width control 



RW2 


RW1 


RWO 


Refresh cycle width 











2 states 








1 


3 states 





1 





4 states 





1 


1 


5 states 


1 








6 states 


1 





1 


7 states 


1 


1 





8 states 


1 


1 


1 


9 states 



■Refresh cycle insertion interval 
See Table 3. 13 (2). 



■Dummy cycle control 






Prohibit dummy cycle 


1 


Execute dummy cycle 



Figure 3.13 (4). Refresh Control Register 
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3.13.2 Operation Description 

(1) Read/Write Control 

The r ead/write controller outputs valid signals RAS and 
CAS to DRAM when address space sp ecified by t he 
internal address decoder (chip select 2 CS3/CAS) is 



accessed. 

In addition, a DMUX signal is output for row address/ 
colunnn address switching. 

Figure 3.13 (6) shows the RAS, CAS, and DMUX out- 
put timing diagram during memory access cycle. 



CLK 

ALE 
ADO- 15 

A0~23 ""V 
-_/\_ 

ADO- 15 
ADO- 15 

R/w "^y^ 



RD/WR 
RAS 
CAS 

DMUX 




r 
r 



a) At Wait 



b) At 2-wait cycle 



Figure 3.13 (5). Memory Access Cycle Timing 
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How to set the registers is described next. 

(3) Setting the RAS, CAS, DMUX, and RFSH output 



Figure 3.1 3 (2) shoes the structure of the chip select 
wait control register B3CS. B3C S <B3E> can be used to 
control the output ofCS3/CAS and B3CS <B3CAS> can 
be used to control CAS selection. 



(RAS)P35 Q- 
(DMUX)P71 Q- 
(R~FSH)P63 Q- 
(CS3/CAS)P43 Q- 



Y A- 
cB 



-<3- 



RAS 



CAS 



DRAM 
controller 



Address ' 
decoder \ -«-A23 



<83E> 


<83W1> 


<B3W0> 


<B3CAS> 


0: DIS 


00: 2WAIT 


0: CS5 




01: 1WAIT 


1: CAS 


1: EN 


10: IWAIT + n 






11: OWAIT 





BSCS register 



Figure 3.13 (6). Relationship Between Address Decoder and DRAM Controller 



The RAS, CAS, DMUX, and RFSH signals must be 
set with the corresponding port control register because 
they are multiplexed with P35, P43, P71 , and P63 
respectively. 



(D Inserting WAIT 

WAIT insertion during read/write control can be set 
with the register B3CS <B3W1 , 0>. 
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(2) Refresh Controller 

The TMP96C031 F can output RAS/CAS used to 
refresh in DRAM. At the sanne time the state signal 
RFSH which indicates a refresh cycle is output. 
DRAM can be refreshed easily because RAS/CAS out- 
put frequency and pulse width are programmable. 
The refresh controller has the following features. 

• Refresh mode: CAS before RAS interval refresh 

mode 

CAS before RAS self refresh mode 

• Refresh interval: 1 5 to 1 54 states (programmable) 

• Refresh cycle width: 2 to 9 states (programmable) 

• Dummy cycle can be generated 



• Refresh cycle is asynchronous with CPU operation 
cycle. 

i) CAS before RAS interval refresh mode 

The r efresh interval and refresh width for CAS before 
RAS interval refresh mode depends on the DRAM 
being used. 

Therefore, TMP96C031 F enables the CAS before RAS 
output to be set with the refresh controller register 
value according to the system clock and DRAM that 
are being used. 

Figur e 3.1 3 (2) shows a timing example for CAS before 
RAS refresh cycle. 



RAS 
CAS 
RFSH 



2 states wide 



3 states wide 



a) When the refresh cycle width b) When the refresh cycle width 

is set to 2 states is set to 3 states 



Figure 3.13 (7). Refresh Cycle Timing Example 



How to set the register is described next. The insertion interval is set with the three bits DREFCR 

Figure 3. 1 3 (4) shows the bit structure of the refresh con- <RS2 to 0> according to the system clock being used, 
trol register DREFCR. 

Example: When the system clock is 20MHz and the 
® Refresh cycle insertion interval DRAM refresh cycle is to be 1 6|is, set these 

bits to "111". 
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Table 3.13 Refresh Cycle Insertion Interval 



Refresh Cycle 


Insertion 
Interval 
(states) 


Frequency (fosc) 


4MHz 


8l\/IHz 


10MHz 


12.5MH 
z 


14MHz 


16MHz 


20MHz 


RS2 


RSI 


RSO 











15 


7.5 


3.75 


3.0 


2.4 


2.14 


1.88 


1.5//S 








1 


31 


cjH::) 


7.55 


6.2 


4.96 


4.43 


3.88 


3.1 





1 





62 


31.0 




12.4 


9.92 


8.86 


7.75 


6.2 





1 


1 


78 


39.0 


19.5 




12.48 


11.14 


9.75 


7.8 


1 








97 


48.5 


24.25 


19.4 




13.86 


12.13 


9.7 


1 





1 


109 


54.5 


27.25 


21.8 


17.44 




13.63 


10.9 


1 


1 





124 


62.0 


31.0 


24.8 


19.84 


17.72 




12.4 


1 


1 


1 


154 


77.0 


38.5 


30.8 


24.7 


22.0 


19.3 





(Unit: //s) 



(D The three bits DREFCR <RW2 to Q> can used to 
change the refresh cycle width (RAS, CAS output). (2 
to 9 states) 

(D Refresh cycle control 

The refresh cycle can be disabled/enable with the bit 
DREFCR <RC>. 



ii) CAS before RAS self refresh mode 

This nnode is used when CPU or DRAM control is 
halted with a HALT (IDEL, STOP ) instruction while 
refreshing with CAS before RAS interval refresh mode 
(hereafter referred to as interval mode). 
However, RFSH is not output. ("1 " is output.). 

Figure 3.1 3 (8) shows the self refresh mode timing dia- 
gram. 



Interval mode 



A. 



\Pu\r\jM\j\f\j\f\j\f\j\i\j 



HALT (STOP) 
eKecution 



Self mode 



1. 



Figure 3.13 (8). Self Refresh Cycle Timing 



This mode is executed as follows. First, the settings are 
made for normal interval mode Then, B3CS <SRFC> is 
set to "0" just before a H ALT ins truction to pe rform one 
normal refresh. Then, the CAS pin and RAS pin are 
kept at low level and self refresh mode is entered. Set 



B3CS <S RFC> to "1 " to ca ncel this mode and return 
to no rmal C AS b efore RAS refresh mode. (The first 
CAS before RAS refresh is performed immediately after 
cancellation because the refresh counter is cleared.) 
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(3) DRAM initialize 

The D RAM controller can generate consecutive CAS 
before RAS dunnmy cycles necessary when using 
DRAM. This is executed by setting DREFCR <DMI> bit 



to "1 " and cancelled by setting it to "0". (The <RC> bit 
need not be changed.) 
The dunnnny cycle width is fixed to 4 states. 
Figure 3.1 3 (9) shows the CAS before RAS dumnny 
cycle tinning. 



XI J 






U 






U 


U 


"\J 




u 


u 


u 




"U 


"\J 




"A- 


CLK 


X 




X 




X 




X 




X 




X 




X 




X 




X" 


WR 




































/ 
































RAS 








\ 


/ 




\ 














r 














CAS 



































RFSH 




\ 

































Figure 3.13 (9). CAS before RAS Dummy Cycle Timing (Fixed to 4 states) 



3.13.4 Priority 

The DRAM refresh cycle may overlap with the DRAM read/ 
write cycle because it is not synchronized with the CPU oper- 
ating cycle. In this case, the DRAM controller gives priority to 



the cycle that starts operation first. If the priority is given to the 
refresh cycle, a wait is autonnatically inserted in the nnemory 
access cycle. Figure 3.1 3 (8) shows the timing in this case. 
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Figure 3.13 (101). Tinning Diagram when Refresh Cycle is Inserted in Memory Access Cycle 
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3.13.4 Connection Example 
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4. Electrical Characteristics 

4.1 Absolute Maximum (TMP96C031F) 



Symbol 


Parameter 


Rating 


Unit 


^cc 


Pnwpr f^iinnlv Vnltanft 


-0.5 ~ 6.5 


V 


VIN 


Input Voltage 


-0.5 ~ Vcc + 0.5 


V 


ZIOL 


Output Current (total) 


100 


mA 


SIOH 


Output Current (total) 


-100 


mA 


PD 


Power Dissipation (Ta = 70°C) 


600 


mW 


T SOLDER 


Soldering Temperature (10s) 


260 


°C 


TSTG 


Storage Temperature 


-65-150 


°C 


TOPR 


Operating Temperature 


-20-70 


''C 



MCU900-396 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C031N/F 



4.2 DC Characteristics (TMP96C031F) 

= 5V ± 10%, Ta = -20 ~ 70°C (Typical values are for Ta = 25°C and Vqc = 5V) 



Symbol 


Parametor 


MIn 


Max 


Unit 


Test Condition 


VIL 


Input Low Voltage (ADO-15) 


-0.3 


0.8 


V 




\/ 11 1 

V ILI 


DO DO DA Di; DC D7 DD DO 

rc, ro, r4, rO, rO, ri , ro, ra 


-U.o 


n o\/ 


\/ 

V 




\/ II 


DCCCT M^;ll IMTH /DD7\ 

ntot 1, iMIvll, llN 1 U (ro/ ; 


-U.o 


n 0K\/ 
u.^oVcc 


V 




\l II Q 
V ILo 


Mlvio/ un 


-U.o 


u.o 


\/ 

V 




\/ II A 
V IL^ 


Y1 
A 1 


-U.o 


n 9\/ 


V 




\/ IH 
V In 


Inniit Hinh Wnltanp /APin 

iiipul niyii vuiidyc [nuu- \d) 


9 9 




V 




\/ IH1 
V In 1 


P9 P'^ PA Pc; PR P7 Pfi PQ 
rc, ro, r4, rO, ru, rj , rO, ij 


7\l 


Vcc + "•'J 


V 




\/ IH9 
V \nc. 


RFC;FT MM! IMTfl ^PR7^ 
nCoL 1, iMIvll, UN 1 U 0/ ) 


U./OVqq 


Vqq + u.o 


y 




VIH3 


EA 


Vcc-0.3 


Vcc + 0.3 


V 




VIH4 


XI 


0.8Vcc 


Vcc + 0.3 


V 




VOL 


Output Low Voltage 




0.45 


V 


IOL = 1.6mA 


VOH 


Output Higti Voltage 


2.4 




V 


IOH = -400nA 


V0H1 




0.75Vcc 




V 


IOH = -100mA 


V0H2 




0.9Vcc 




V 


IOH= -20mA 


IDAR 


Darlington Drive Current 
(8 Output Pins max.) 


-1.0 


-3.5 


mA 


V tAl - 1 .OV 

REXT = 1.1KJ2 


1 1 1 
i LI 


Input Leakage Current 


0.0^ (lyp) 


ID 


■ •A 

)jA 


U.U<Vin<Vcc 


1 1 n 
1 LU 


Output Leakage Current 


U.Uo (lypj 


±1U 


..A 

ha 




' cc 


Operating Current (RUN) 
IDLE 

STOP(Ta = -20~70°C) 
STOP(Ta = 0~50°C) 


30 (Typ) 
2.0 (Typ) 
0.2 (Typ) 


DU 
10 

50 
10 


mA 
mA 

ma 

pA 


lose = ^fUMrlZ 

0.2 < Vjn < Vcc -0.2 
0.2<Vin<Vcc-0.2 


VSTOP 


Power Down Voltage 
{©STOP. RAM Back up) 


2.0 


6.0 


V 


ViL2 = 0.2Vcc. 
VIH2 = 0.8Vcc 


RRST 


RESET Pull Up Register 


50 


150 


m 




CIO 


Pin Capacitance 




10 


PF 


tosc = 1MHz 


VTH 


Sctimitt Width 


0.4 


1.0 (Typ) 


V 




RESET NMI, INTO (P50) 




RK 


Pull Down/Up Register 


50 


150 


\^ 





Note: l-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics (TMP96C031F)Vcc = 5V±10%,Ta = -20 - 70°C (4MHz - 20MHz) 



No. 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


^osc 


Osc. Period (= x) 


50 


250 


62.5 




50 




ns 


2 


^CLK 


CLK width 


2X-40 




85 




60 




ns 


3 


^AK 


AO - 23 Valid-»CLK Hold 


0.5X-20 




11 




5 




ns 


4 


^KA 


CLKValid-^AO-23 Hold 


1.5X-70 




24 




5 




ns 


5 


•^AL 


AO-15 Valid->ALEfall 


0.5X-15 




16 




10 




ns 


6 


tiA 
"■LA 


ALE fall->A0-15Hold 


0.5X-15 




16 




10 




ns 


7 


til 


ALE High width 


x-40 




23 




10 




ns 


8 


tip 


ALE fall->RD/WR fall 


0.5X-30 




1 




-5 




ns 


9 


tri 

"•UL 


RD/WR rise->ALE rise 


0.5X-20 




11 




5 




ns 


10 


^ACL 


A0-15Valid->RD/WRfall 


x-25 




38 




25 




ns 


11 


^ACH 


A0-23Valid->RD/WRfall 


1.5X-50 




44 




25 




ns 


12 


^UA 


RD/WR rise-^AO - 23 Hold 


0.5X-20 




11 




5 




ns 


13 


^ADL 


A0-15Valid-^D0-15input 




3.0X-45 




143 




105 


ns 


14 


Udh 


AO - 23 Valid-^DO - 15 input 




3.5X-65 




154 




110 


ns 


15 




RDfall->DO- 15 input 




2.0X-50 




75 




50 


ns 


16 


^RR 


RDLow width 


2.0X-40 




85 




60 




ns 


17 


^HR 


RD rise->DO- 15 Hold 

















ns 


18 


^RAE 


RD rise— > AO - 15 output 


x-15 




48 




35 




ns 


19 


^WW 


WRLow width 


2.0X-40 




85 




60 




ns 


20 


^DW 


D0-15Valid-^WRrise 


2.0X-50 




75 




50 




ns 


21 


^WD 


WRrise-^D0-15Hold 


0.5X-10 




21 




15 




ns 


22 




AO - 23 Valid-^WAiT input (1 WAIT + n mode) 




3.5X-90 




129 




85 


ns 


23 




AO - 15 Valid->WAiT input (1WAIT + n mode) 




3.0X-80 




108 




70 


ns 


24 


tew 


RD/WR falUWAff Hold (1 WAIT + n mode) 


2.0X + 




125 




100 




ns 


25 


Uph 


A0-23Valid-^PORTinput 




2.5X-120 




36 




5 


ns 


26 


tAPH2 


A0-23Valid->PORTHold 


2.5X + 50 




206 




175 




ns 


27 




WRrise->PORT Valid 




200 




200 




200 


ns 



AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CL50pF 

(However CL = 100pF for ADO ~ AD15,AD0 ~ AD23, ALE, RD, WR. HWR, CLK, CSO - CSS) 

• Input Level: High 2.4V /Low 0.45V (ADO ~ AD15) 

HighO.SVcc /Low 0.2Vcc (Except for ADO ~ AD15) 
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(1) Read Cycle 



^OSC" 



CLK 



A0~23 



WAIT 

Port Input 
RD 

AD0~15 



3 
1. 



-tcLK- 



■^AWH" 
-^AWL~ 



< 



-tew-*- 



"^APH"~ 
-tAPH2- 



"^ADH" 



-tACH- 



rtACL 



"^RD- 



A0~15 



*-^LA-^ 



"^ADL" 



tKA- 



*tCA-*f 



tHR 



DO- 15 



-tLL- 
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(2) Write Cycle 




AO~23 



Port Output 



X 



It 



AO- 15 



"K 



X 



A f 



X 



tcp" 
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4.4 DRAM Control AC Characteristics rrMP96C031F) 



Vcc = 5V±10% TA = -20 - 70°C (4MHz 20MHz) 



No. 


Symbol 


Parameter 


Variable 


16IVIHZ 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


•j 


^RC 


RAQ p\/rlp timp 
nno uyuic III 1 Ic 


4X-10 




240 




190 




ns 


2 


^RAC 


RA9 fall -A data inniit 
nno Idll — 7 Udld IlipUl 




2X-20 




105 




80 


ns 


Q 

vJ 


^CAC 


rA9 fall data inniit 
OnO Idll — > Udld llipui 




lx-25 




38 




25 


ns 


4 


^RP 


RA*^ hinh niikp width 
n/Ao iiiyii puioc wiuiii 


2X-30 




95 




70 




ns 


5 


tpAS 


RA^ Inw/ niikp uwldthi 
nnO lUW |JUIoB WIUlll 


2X-10 




115 




90 




ns 


5 


^RSH 


rA9 fall — ^ RA<^ ri<?p 

L»nO Idll ^ nno Hod 


lx-25 




38 




25 




ns 


7 


^CSH 


RA9 fall -4 PA*^ riqp 
nnO Idll 7 OnO Hoc 


2X-20 




105 




80 




ns 


Q 



kAS 


PA^ Iniw niikp widtti 

unO lUW pUloC WIUlll 


1.5X-10 




84 




65 




ns 


g 


iRCD 


RAQ fall -^f^A^fall 
nAO Idll — 7 L>r\0 Idll 


lx-15 




48 




35 




ns 


10 


^CRP 


PA*^ ri«;p — * RA*^ rkp 

\jr\0 1 loC — 7 nnO 1 loC 


1.5X-50 




44 




25 




ns 


■j-j 


tfiAH 


RA^ fall -4 Afl - 1S hnid 

nno Idll — 7 nU IJ llUlU 

















ns 


19 


USRL 


A„ -.r. ualld _^ RAQ fall 
nQ . VdllU — 7 nno Idll 


lx-10 




53 




40 




ns 


l<J 


USRH 


A« «„\/al id _i, RA^ fall 
nQ . 23 vdllU —7 nMo Id! 1 


1.5X-10 




84 




65 




ns 


14 

1 H 


^RWL 


WR fall RA^riQP 
Vvn Idll — 7 nno Hoc 


2X-50 




75 




50 




ns 


1*^ 


^CWL 


WR fall -A pa's ri<;p 

vvn Idll — 7 Uno 1 loC 


2X-50 




75 




50 




ns 


Ifi 


^DS 


Rata niitniit PA^ fall Qpfiin 

Udld UUlfJUl — 7 Vjno Idll oClU|J 


lx-30 




33 




20 




ns 


17 


tr>,, 
^DH 


PA9 fall —4 data niitniit hnId 
Uno Idll — 7 Udld UUljJUl llUlU 


1.5X-50 




44 




25 




ns 


1A 

10 


blHR 


RA'^ fall —4 data niitniit hinid 
nrto Idll — 7 Udld UUipUl llUlU 


2.5X-50 




106 




75 




ns 


1Q 


Wcs 


WR fail PA'^ fall Qpfiin 
vvn Idll — 7 L/no Idll oClUp 


lx-30 




33 




20 




ns 


cX) 


twCH 


f^A^fall _4 WR tinid 
L»no Idll — 7 vvn llUlU 


lx-30 




33 




20 




ns 


91 
c i 


^RDM 


DAC fall _v nyi lY fall 
nno Idll — 7 UlvlUA Idll 




0.5X-10 


21 




15 




ns 


22 


^CDM 


nMliy fall -A PA<^ fall 

UIVlUA Idll — 7 \jr\0 Idll 


0.5X-10 




21 




15 






9*^ 


tCHR*1 


RA<^ fall -4 PA9 ri<;p 
nno Idll — 7 Uno Hoc 


2X-50 




75 




50 




ns 


OA 


^RPC* 


RA<^ ri<;p — :v PA^ fall 
nno Hoc — 7 Uno Idll 


1.5X + 




64 




45 




ns 


9R 

CO 




PAQ hinh niilcp \A/idth 
uno lliyil puioc WIUIII 


1.5X + 




64 




45 




ns 


26 


^CSR* 


CAS fall ^RAS fall 

\jr\\J lull 7 1 ir\0 lull 


0.5X-10 




21 




15 




ns 


27 


tRASS*2 


RAS low pulse width 


2000X 




125 




100 




ns 


28 


tRPS*2 


RAS precharge time 


4X-20 




230 




180 




ns 


29 


tCHS*2 


CAS hold time 

















ns 


30 


^CFL* 


RFSH fall -> CAS fall 


lx-10 




53 




40 




ns 


31 


^CFH* 


CAS rise ->RFSH rise 


0.5X-10 




21 




15 




ns 



*1 CAS before RAS interval refresh mode 
*2 CAS before RAS self- refresh mode 
* Both refresh modes 



AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CL50pF 

(However CL = lOOpF for ADO - AD15, ADO ~ AD23, RD, WR, HWR, R/W RAS) 

• Input Level: High 2.4V /Low 0.45V (ADO ~ AD15) 
High O.SVcc/Low 0.2VCC (Except for ADO ~ AD15) 
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(1) Read/Write Access Cycle 



ADO- 15 



ADO- 15 



DMUX 




(2) CAS before RAS Interval Refresh Cycle 



tRp 



V- 



tRPC 

- tcp - 



^tcFL. 



tcSR 



- tRAS • 



- tCHR - 



"V 



4^ V 



(3) CAS before RAS Self-Refresh Cycle 



■ tRP 



tRPC 
- tcP - 



tcSR 



- tRASS ■ 

— sv- 



. tRPS . 



-*-tCHS 
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4.5 A/D Conversion Characteristics (TMP96C031F) 

Vcc = 5V±10%TA = -20 ~ 70°C 



Symbol 


r ai aiiicici 


MIn 


Tvn 


Max 


Unit 


vref 


AnalOQ reference voltage 


Vcc ' ' 




\/ 

VCC 


V 


Aqnd 


Analog reference voltage 






Vss 


Vain 


Analog input voltage range 


Vss 




Vcc 


Iref 


Analog current for analog reference voltage 




0.5 


1.5 


mA 


Error 
(Quantize error of 
dy3.5 LSB not included) 


Total error 

(TA = 25°C.Vcc = VREF = 5.0V) 




1.0 




LSB 


Total error 






2.5 



4.6 Serial Channel Tinning - I/O Interface Mode 

Vcc = 5V±10%TA = -20 - 70°C 

(1) SCLK Input Mode 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


^SCY 


SCLK cycle 


16x 




1 




0.8 




MS 


toss 


Output Data->rising edge of SCLK 


tscY/2-5x-50 




137 




100 




ns 


toHS 


SCLK rising edge->output data tiold 


5X-100 




212 




150 




ns 


tnsR 


SCLK rising edge->input data hold 

















ns 


tSRD 


SCLK rising edge^effective data input 




tscY-5x-100 




587 




450 


ns 


(2) SCLK Output Mode 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


MIn 


Max 


Min 


Max 


^SCY 


SCLK cycle (programmable) 


16x 


8192X 


1 


512 


0.8 


409.6 


ps 


toss 


Output Data^rising edge of SCLK 


tscY-2x-150 




725 




550 




ns 


tOHS 


SCLK rising edge->output data hold 


2X-80 




45 




20 




ns 


^HSR 


SCLK rising edge-^input data hold 

















ns 


tSRD 


SCLK rising edge-^effective data input 




tscY-2x-150 




725 




550 


ns 



4.7 Timer/Counter Input Clock (TIO, T14, TI5) 

Vcc = 5V±10%TA = -20 ~ 70°C 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 




Clock cycle 


8X + 100 




600 




500 




ns 


VCKL 


Low level clock pulse width 


4x + 40 




290 




240 




ns 


WCKH 


f^igh level clock pulse width 


4X + 40 




290 




240 




ns 
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4.8 Interrupt Operation 

Vcc = 5V±10% Ta = -20 - 70°C 



OyiiiUUI 


r draiiicici 


Variable 


16MHz 


20MHz 


Unit 

unit 


Min 


Max 


Min 


Max 


Min 


Max 


tiNTAL 


NMI, INTO Low level pulse width 


4x 




250 




200 




ns 


tiNTAH 


HjNTO High level pulse width 


4x 




250 




200 




ns 


tiNTBL 


INT1 ~ INT7 Low level pulse width 


8X + 100 




600 




500 




ns 


tiNTBH 


INT1 ~ INT7 High level pulse width 


8X + 100 




600 




500 




ns 
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4.9 Timing Chart for I/O Interface Mode 



1 I — I I — \ \ — \ r 



"L 



tSCY 



OUTPUT DATA 
TxD 



INPUT DATA 
RxD 




X VALID X X V^L'P X X ^ALID X ^^AUD 
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4.10 Timing Chart for Bus Request/BUS Acknowledge 



CLK 
BUSRQ ■ 
BUSAK ■ 



RD,WR 



CSd-CSa/CAS 
R/W, RAS. . 



(Note 1) 



tflRC 



- tCBAL 



-«-tBRC 



tCBAHH 



-^S 



-*tBAA 



^^(Note2) 

:^ 



^ (Note 3) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Mln 


Max 


Min 


Max 


Min 


Max 


^BRC 


BUSRQ setup time for CLK 


120 




120 




120 




ns 


tcBAL 


CLK->BUSAK falling edge 




1.5X + 120 




214 




220 


ns 


tcBAH 


CLK->BUSAK rising edge 




0.5X + 40 




71 




65 


ns 


Uba 


Output buffer is off to BUSAK ~l_ 





80 





80 





80 


ns 


^BAA 


BUSAK output buffer is on. 





80 





80 





80 


ns 



Note 1 : The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to "0" during "Wait" cycle. 
Note 2: An internal programnaable pull-down resistor must be connected. 
Note 3: An internal programmable pull-up resistor must be connected. 
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5. Table of Special Function Registers 
(SFR; Special Function Register) 

The special function registers (SFRs) include the I/O ports and 
peripheral control registers allocated to the 128-byte 
addresses from OOOOOOH to 00007FH. 



(1) I/O port 

(2) I/O port control 

(3) Timer control 

(4) Pattern Generator control 

(5) Watch Dog Timer control 

(6) Serial Channel control 

(7) A/D converter control 

(8) Interrupt control 

(9) Chip Select/Wait Control 

(10) DRAM Control 



Configuration of the table 



Symbol 


Name 


Address 


7 


6 


// 


1 




















































•♦bit Symbol 

Read /Write 
-•'Initial value afrer reset 
-^Remarks 
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Table 5 I/O Register Address Map 



Address 


Name 


Address 


Name 


Address 


Name 


Address 


Name 


UUUUUUn 




^lun 


TRI IM 




IVIonnU 


BOH 




in 

In 




91 H 

c 1 n 




41 H 

4 1 n 


IVInlVInU 


61 H 




cn 




/Leu 


1 ntuU 


49H 


IVIoMn 1 


62H 




QUI 

on 




9'5H 

^lon 


TRFf^l 
1 nCU 1 


40 n 


MAMR1 
ivirtivin 1 


63H 


ADRFR'^ 


AU 




94M 


lUI IMUU 


AAiA 


M'sAR9 


64H 




5H 




OKUI 


TCCPD 

1 rrUn 


40n 


MAMR9 
IVlAIVI^^: 


Don 




cu 
bn 


DO 


OCUI 


TDFP9 


ARIA 


MCADO 
IVlOnno 


oon 




7U 

in 


DO 

ro 


97H 


1 ntbo 


m n 


MAMR'5 
ivinivino 


67H 




QUI 

on 


DOPD 


9flM 
/con 


1 ZolVIUU 


Hon 




68H 




QUI 

yri 


DOCP 


9QI-I 


TRRP 


4QI-I 




69H 


BOCS 


AH 

Mn 


rObnL 


2AH 




4AH 




6AH 


B1CS 


DU 

bn 


DOPDUI 

roUnli 


9RI-I 
cDn 




4RH 
HDn 


nRFFPR 

unurv-»n 


6BH 


B2CS 


fUl 


DA 


9PM 
ZUn 






PfiflRFR 
r uUntici 


6CH 


B3CS 


nui 
UN 


Df; 


9nH 




Hun 


PG1REG 


6DH 




CUI 

bn 




9FH 




4EH 




6EH 




CUI 

rn 




9FH 
^rn 




4FH 




6FH 




inui 
lUn 




oun 


TRFRdl 
1 ntiu'+L 


50H 


^PflRIIF 


70H 


INTE01 


1 1 Ul 

1 In 




'511-1 

o 1 n 


TDCPyll-l 


51 H 




71 H 


INTE23 


1 out 


DC 

ro 




1 nLuOL 


52H 


OL/UIVIUU 


72H 


INTE45 


Ion 


D7 


00 n 


1 nLuOn 


oon 


RROPR 


73H 


INTE67 


14H 


DCPDI 

rDl/KL 


04r1 


PAP1 1 




<^riRI IF 
o\j 1 Dur 


74H 


INTET10 


15H 


D7PDI 


Oc;ui 
oOn 


PAP1UI 
UAr In 


oon 


<^rirR 

Ou 1 


75H 


INTET32 


16H 


DCPDUI 

rbOnn 


OCUI 


PAP9I 


oon 


<s^1^y|^n 

ou 1 IvIUU 


76H 


INTET54 


17H 


P7CRH 


07UI 

om 


PADOUI 


Din 


RRIPR 
Dn 1 un 


77H 


INTESO 


18H 




OQUI 

oori 


I4IV1UU 


dcjH 


ODF 

uut 


/ on 


MM 1 LO 1 


19H 




OOUI 

oyn 




oyn 




7QH 
/ yn 


INTEAD 


1AH 




3AH 


T45CR 


5AH 




7AH 


IIMCO 


1BH 




3BH 




5BH 




7BH 


IIMC1 


1CH 




3CH 




5CH 


WDMOD 


7CH 


DMAOV 


1DH 




3DH 




5DH 


WDCR 


7DH 


DMA1V 


1EH 




3EH 




5EH 


ADMOD 


7EH 


DMA2V 


1FH 




3FH 




5FH 




7FH 


DMA3V 
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(1) I/O Port 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 











P27 


P26 


P25 


P24 


P23 


P22 


P21 


P20 


P2 


P0RT2 


06H 


R/W 


Input mode 










































P35 


P34 


P33 


P32 


P31 


P30 


P3 


PORTS 


07H 






R/W 






1 


1 


1 


1 


1 


1 








Input nriode (Pulled-up) 
















P43 


P42 


P41 


P40 


P4 


P0RT4 


OCH 










R/W 










1 





1 


1 
















Output mode 
















P53 


P52 


P51 


P50 


P5 


P0RT5 


ODH 










R 
















Input mode 








P67 


P66 


P65 


P64 


P63 


P62 


P61 


P60 


P6 


P0RT6 


12H 


R/W 


1 


1 


1 


1 


1 


1 


1 


1 








Input mode 










P76 


P75 


P74 


P73 


P72 


P71 


P70 


P7 


P0RT7 


13H 




R/W 




1 


1 


1 


1 


1 


1 


1 










Input mode 



Read/Write R/W ; Either read or write is possible 

R ; Only read is possible 

W ; Only write is possible 

Prohibit RWM ; Prohibit Read Modify Write. (Prohibit RES/SET/rSET/CHG/STCF/ANDGF/ORCF/XORCF Instruction) 
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(2) I/O Port Control (1/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 









uon 


P27C 


P26C 


P25C 


P24C 


P23C 


P22C 


P21C 


P20C 


P2CR 


P0RT2 


W 


Control 


(Prohibit 






























RMW) 


«Refertothe"P2FC"» 






uyn 


P27F 


P26F 


P25F 


P24F 


P23F 


P22F 


P21F 


P20F 


P2FC 


P0RT2 


W 


Function 


(Prohibit 






























RMW) 






P2FC/P2CR = 00:IN,01 


: OUT. 10: - 11 


:A23-16 










OAH 


P3SC1 


P33C0 


P32C1 


P32C0 


P31C1 


P31C0 


P30C1 


P30C0 


P3CRL 


PORTS 


W 






boniroi 


(Prohibit 




























Low 


nivivv ) 


00 : PORT input 
01 : PORT output 
10:BUSAK 
11 :- 


00 : PORT input 
01 : PORT output 
10: BUSRQ 
11 :- 


00 : PORT input 
01 : PORT output 
10:- 
11:- 


00 : PORT input 
01: PORT output 
10:T05 
11:HWR 








RDEN 








P35C1 


P35C0 


P34C1 


P34C0 




PORTS 
Control 


udh 


W 








W 


P3CRH 


(Prohibit 
RMW) 

























Hign 


1 : pseudo 
SRAM 
EN 








00 : PORT input 
01 : PORT output 
10:RAS 
11:- 


00 : PORT input 
01 : PORT output 
10:NMI 
11:R/W 






10H 


BUSWDT 


BUDRM 






P43F 


P42F 


P41F 


P40F 


P4FC 


P0RT4 


W 


W 






W 


Function 


(Prohibit 




























RMW) 


00 : BUSSRQ 

DIS 
01 : BUSRQ 

EN 


0:ON 
1 : OFF 






00 : PORT 
01 : CS3/CAS 


00 : PORT 
01 : CS2 


00 : PORT 
01 : CS1 


00: PORT 
01 : CSO 
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I/O Port Control (2/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 









14H 


P63C1 


P63C0 


P62C1 


P62G0 


P61G1 


P61G0 


P60G1 


P60C0 


P6CRL 


P0RT6 


W 






uontroi 


(Prohibit 




























Low 


R^/l\^/'\ 
nivivvj 


00 


PORT input 


00 


PORT input 


00 


PORT input 


00 


PORT input 








01 


PORT output 


01 


PORT output 


01 


PORT output 


01 


PORT output 








10 


PG03 




10 


PG02 




10 


PG01 




10 


PGOO 










11 


RFSH 




11 






11 






11 


TxDO 








15H 


P67C1 


P67C0 


P66C1 


P66G0 


P65G1 


P65C0 


P64G1 


P64C0 


P6CRH 


P0RT6 


W 






control 


(Prohibit 




























High 


nivivv ) 


00 


PORT input 


00 


PORT input 


00 


PORT input 


00 


PORT input 








01 


PORT output 


01 


PORT output 


01 


PORT output 


01 


PORT output 








10 


PG13 




10 


PG12 




10 


PG11 




10 


PG10 










11 


WDTOUT 


11 






11 






11 










16H 


P73C1 


P73G0 


P72G1 


P72G0 


P71C1 


P71C0 


P70G1 


P70C0 


P7CRL 


P0RT7 


W 






tontrol 


(Prohibit 




























Low 


nIVIVVy 


00 


PORT input 


00 


PORT input 


00 


PORT input 


00 


PORT input 








01 


PORT output 


01 


PORT output 


01 


PORT output 


01 


PORT output 








10 






10 






10 


T03 




10 


T01 










11 






11 






11 


DMUX 




11 


T04 








17H 






P76G1 


P76G0 


P75G1 


P75C0 


P74G1 


P74C0 


P7CRH 


P0RT7 






W 


Control 


(Prohibit 


























High 


RMW) 








00 
01 


PORT input 
PORT output 


00 
01 


PORT input 
PORT output 


00 
01 


PORT input 
PORT output 














10 


SGLK1 




10 






10 


TxDI 
















11 






11 






11 
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(3) Timer Control (1/3) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





TRUN 


Timer RUN 
Control 
ReQ. 


20H 






T5RUN 


T4RUN 


PI RUN 


PORUN 


T1RUN 


TORUN 






R/W 
























Prescaler and Timer Run/Stop CONTROL 
: Stop and Clear 
1 : Run (Count up) 


TREGO 


8b it Timer 
Register 


22H 
(Protiibit 
RMW) 




w 


Undefined 


TREG1 


8bit Timer 
Register 1 


23H 
(Prohibit 
RMW) 




W 


Undefined 


T01TMOD 


8bit Timer 
Source CLK 
and MODE 


24H 

(Profiibit 
RMW) 


T10M1 


T10M0 


PWMM1 


PWMMO 


T1CLK1 


T1CLK0 


T0CLK1 


TOCLKO 


W 


























00 
01 
10 
11 


8-bit Timer 
16-bit Timer 
8-bit PPG 
8-bit PWM 


00 
01 
10 
11 


2^-1 PWM 
2''-1 Cycle 
28.1 


00 
01 
10 
11 


TOOTRG 

0T1 

0T16 
0T256 


00:TI0 Input 
01 : 0T1 
10: 0T4 
11:0T16 


TFFCR 


8bit Timer 
Flip-flop 
Control 


25H 


TFF3C1 


TFF3C0 


TFF3IE 


TFF3IS 


TFF1C1 


TFF1C0 


TFF1IE 


TFF1IS 


W 


R/W 


W 


R/W 


















00: Invert TFF3 
01 :SetTFF3 
10: Clear TFF3 
11 : Don't care 


1:TFF3 
Invert 
Enable 


: Timer 2 
1 : Timer 3 


00: Invert TFF1 
01:SetTFF1 
10: Clear TFF1 
1 1 : Don't care 


1 :TFF1 
Invert 
Enable 


0: Timer 
1 : Timer 1 


TREG2 


PWM Timer 
Register 2 


26H 




W 


Undefined 


TREG3 


PWM Timer. 
Register 3 


27H 




W 


Undefined 


T23M0D 


Timer 2, 3 
Mode Reg. 


28H 

(Prohibit 
RMW) 


T23M1 


T23M0 


PWM21 


PWM20 


T3CLK1 


T3CLK0 


T2CLK0 


T2CLK0 


R/W 


























00 
01 
10 
11 


8-bit Timer 
16-bit Timer 
8-bit PPG 
8-bit PWM 


00 
01 
10 
11 


2^-1 PWM 
2^-1 Cycle 
28-1 


00 
01 
10 
11 


T02TRG 

0T1 

0T16 
0T256 


00:TIO Input 
01 : 0T1 
10: 0T4 
11:0T16 


TRDC 


Timer Reg. 
Double Buffer 
Control Reg. 


29H 














TR2DE 


TRODE 














R/W 
































Tmer Reg. 

Double Buffer Control 
: Double Buffer Disable 
1 : Double Buffer Enable 
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(3) Timer Control (2/3) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 







ibDit iirner 
Register 4L 


30H 


_ 


TREG4L 


(ProniDii 
RMW) 


W 




Undefined 




loDit limer 
Register 4H 


31 H 


_ 


TREG4H 


(Pronibti 
RMW) 


W 




Undefined 




iDDit limer 
Register 5L 


32H 


_ 


TREG5L 


(Proiiibit 
RMW) 


W 




Undefined 




16bit Timer 
Register 5H 


33H 


_ 


TREG5H 


(Prohibit 
RMW) 


W 




Undefined 




Capture 
Register 1L 




_ 


CAP1L 


34H 


R 






Undefined 




Capture 
Register 1H 




_ 


CAP1H 


35H 


R 






Undefined 




Capture 
Register 2L 






CAP2L 


36H 


R 






Undefined 




Capture 
Register 2H 






CAP2H 


37H 


R 






Undefined 








CAP2T5 


EQ5T5 


CAP1IN 


CAP12M1 


CAP12M0 


CLE 


T4CLK1 


T4CLK0 








R/W 


W 


R/W 




T4M0D 


16bitTimer4 
Source 
CLK and 
MODE 


38H 


























TFF5 INVTRG 
: TRG Disable 


: Soft- 
Capture 


Capture Timing 
00 : Disable 


1:UC4 
Clear 


Source Clock 
00 : TI4 






1:TRG Enable 


1 : Don't care 


01 :T14 T TI5 T 


Enable 


01 : 0T1 














10:T14 T T14 T 




10: 0T4 














11 :TFF1 T TFF1 i 




11 :0T16 
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(3) Timer Control (3/3) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





T4FFCR 


16bitTimer4 
Flip-flop 
Control 


39H 


TFF5C1 


TFF5C0 


CAP2T4 


CAP1T4 


EQ5T4 


EQ4T4 


TFF4C1 


TFF4C0 


W 


R/W 


W 


























00: Invert TFF5 
01 :SetTFF5 
10: Clear TFF5 
1 1 : Don't care 


TFF4 Invert Trigger 
: Trigger Disable 
1 : Trigger Enable 


Source Clock 
00: Invert TFF4 
01:SetTFF4 
10: Clear TFF4 
11 : Don't care 


T45CR 


T4. T5 Control 


3AH 










PG1T 


PGOT 




DB4EN 


R/W 








R/W 






















Fix at "0" 








PG1 sfiift 
trigger 
0: Timer 0,1 
1 : Timer 4 


PGO shift 
trigger 
: Timer 2,3 
1 : Timer 4 


1 : Double 
Buffer 
Enable 



(4) Pattern Generator 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





PGOREG 


PGO Register 


4CH 

(Prohibit 
RMW) 


PG03 


PG02 


PG01 


PGOO 


SA03 


SA02 


SA01 


SAOO 


W 


R/W 














Undefined , 


PG1REG 


PG1 Register 


4DH 
(Prohibit 
RMW) 


PG13 


PG12 


PG11 


PG10 


SA13 


SA12 


SA11 


SA10 


W 


R/W 














Undefined 


PG01CR 


PGO, 1 Control 


4EH 


PAT1 


CCW1 


PG1M 


PG1TE 


PATO 


CCWO 


PGOM 


PGOTE 


R/W 


























0: 8-bit write 
1 : 4-bit write 


: Normal 
Rotation 

1 : Reverse 
Rotation 


0: 4-bit Step 
1 : 8-bit Step 


PG1 trigger 
input 
enable 
1 : Enable 


0: 8-bit write 
1 : 4-bit write 


: Normal 
Rotation 

1 : Reverse 
Rotation 


0: 4-bit Step 
1 : 8-bit Step 


PGO trigger 
input 
enable 
1 : Enable 


(5) Watch Dog Timer 


Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





WD- 
MOD 


Watch Dog 
Timer Mode 


5CH 


WDTE 


WDTP1 


WDTPO 


WARM 


HALTM1 


HALTMO 


RESCR 


DRVE 


R/W 


1 























1 :WDT 
Enable 


00:2^% 
01 :2^% 
10:220/fc 
11 :222/fc 


Warming up 
Time 
0:2^4/fc 
1:2% 


Standby Mode 
00 : RUN Mode 
01 : STOP Mode 
10: IDLE Mode 
11: Don't care 


1 : Connect 
internally 
WDT out 
pinto 
Reset Pin 


1 : Drive 
the pin 
in STOP 
Mode 


WDCR 


Watch Dog 
Timer 
Control 
Register 


SDH 




W 


Undefined 


B1 H : WDT Disable Code 4EH : WDT Clear Code 
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(6) Serial Channel (1/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





SCOBUF 


Serial 
Channel 
Buffer 


50H 


RB7 
TB7 


RB6 
TB6 


RB5 
TB5 


RB4 
TB4 


RB3 
TB3 


RB2 
TB2 


RBI 
TBI 


RBO 
TBO 


R {Receiving)/W (Transmission) 


Undefined 


SCOCR 


Serial 
Cfiannel 
Control 


51H 


RB8 


EVEN 


PE 


OERR 


PERR 


FERR 






R 


R/W 


R (Cleared to by reading) 


R/W 

























Receiving 
data bit 8 


Parity 
O:0dd 
1 : Even 


1 : Parity 
Enable 


1 : Error 


Fix at "0" 


Fix at "0" 


Overrun 


Parity 


Framing 


SCO- 
MOD 


Serial 
Channel 
Mode 


52H 


TB8 


CTSE 


RXE 


WU 


SM1 


SMO 


SCI 


SCO 


R/W 


























Transmission 
data bit 8 


1 :CTS 
Enable 


1 : Receive 
Enable 


1 : Wake up 
Enable 


00 : Unused 
01 :UART 7-bit 

10 :UART 8-bit 

11 :UART 9-bit 


00: TOO Trigger 
01 : Baud rate generator 
10: Internal clock 01 
11 : Don't care 


BROCR 


Baud Rate 
Control 


53H 






BR0CK1 


BROCKO 


BR053 


BR052 


BR051 


BR050 


R/W 


R/W 

























Fix at "0" 




00 
01 
10 
11 


0tO (fc/4) 
0t2 (fc/16) 
0t8 (fc/64) 
0t32(fc/256) 


Set frequency divisor 
0~F 
("1" prohibited) 


SC1BUF 


Serial 
Channel 1 
Buffer 


54H 


RB7 
TB7 


RB6 
TB6 


RB5 
TB5 


RB4 
TB4 


RB3 
TB3 


RB2 
TB2 


RB1 
TBI 


RBO 
TBO 


R (Receiving)/W (Transmission) 


Undefined 


SC1CR 


Serial 
Channel 1 
Control 


55H 


RB8 


EVEN 


PE 


OERR 


PERR 


FERR 


SCLKS 


IOC 


R 


R/W 


R (Cleared to by reading) 


R/W 

























Receiving 
data bit 8 


Parity 
O:0dd 
1 : Even 


1 : Parity 
Enable 


1 : Error 


0: SCLKO 

(-T) 

TO 


1 : Input 
SCLK1 pin 


Overrun 


Parity 


Framing 


SC1- 
MOD 


Serial 
Channel 1 
Mode 


56H 


TB8 




RXE 


WU 


SMI 


SMO 


SC1 


SCO 


R/W 


























Transmission 
data bit 8 


Fix at "0" 


1 : Receive 
Enable 


1 : Wake up 
Enable 


00 : I/O Interface 
01 :UART 7-bit 

10 :UART 8-bit 

11 :UART 9-bit 


00: TOO Trigger 
01 : Baud rate generator 
10: Internal clock 01 
11 : Don't care 
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(6) Serial Channel (2/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 















BR1CK1 


BR1CK0 


BR153 


BR152 


BR151 


BR150 








R/W 


R/W 


BR1CR 


Baud Rate 


57H 

























Control 


Fix at "0" 




00 : 0tO (fc/4) 
01 : 0t2 (fc/16) 
10: 0t8 (fc/64) 
11 :0t32(fc/256) 


Set frequency divisor 
0~F 
("1" profiibited) 




















0DE1 


ODEO 




Special 
















R/W 


ODE 


Open Drain 
Enable 


58H 




































1 : P74 
Open-drain 


1 :P60 
Open-drain 



(7) A/D Converter Control 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 











EOCF 


ADBF 


REPET 


SCAN 


ADCS 


ADS 


ADCH1 


ADCHO 




A/D Converter 
IVIode Reg. 




R 


R/W 


R/W 


R/W 


R/W 


ADIVIOD 


5EH 
































1 : END 


1 : BUSY 


1 : Repeat 
mode set 


1 : Scan 
mode 


1 : Slow 
mode 


1 : START 


Analog input Channel Select 




AD Result 
Reg.O 






ADREGO 


60H 


R 






Undefined 




AD Result 
Reg.1 






ADREG1 


61 H 


R 




Undefined 




AD Result 
Reg. 2 






ADREG2 


62H 


R 








Undefined 




AD Result 
Reg. 3 






ADREG3 


63H 


R 








Undefined 
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(8) Interrupt Control (1/2) 



Symbol 


Name 


Address 


7 


1 6 I 5 


1 4 


3 


1 2 1 


1 


1 




INTerrupt 

Enable 

0/1 




INT1 


INTO 


INTE01 




lie 


I1M2 HM1 


11M0 


IOC 


I0M2 


I0M1 


lOMO 


(Prohibit 




W 




R/W 




W 






^^^^ 

























INTerrupl 

Enable 

2/3 




INT3 


INT2 


INTE23 




I3C 


I3M2 I3M1 


I3M0 


I2C 


I2M2 


I2M1 


I2M0 


(Prohibit 


R/W 


W 




R/W 




W 






RMW) 





i 








; 










INTerrupt 

Enable 

4/5 




INT5 


INT4 


INTE45 




ISC 


I5M2 I5M1 


I5M0 


I4C 


I4M2 


i4M1 


I4M0 


(Prohibit 


R/W 


W 




R/W 




W 






RMW) 





. ; 



















INTerrupl 

Enable 

6/7 




INT7 


INT6 


INTE67 




^ I7C 


I7M2 I7M1 


I7M0 


I6C 


I6M2 


I6M1 


I6M0 


(Prohibit 


R/W 


W 




R/W 




W 






RMW) 





: 



















INTerrupl 
Enable 
Timer 1/0 




INTT1 (timer 1) 


INTTO (timer 0) 


INTET10 


74H 


ITIC 


■ IT1M2 : IT1M1 


; IT1M0 


ITOC 


i IT0M2 i 


IT0M1 


ITOMO 


(Prohibit 


R/W 


W 




RAA/ 




W 






RMW) 

























INTerrupl 
Enable 
Timer 2/3 




INTT3 (timer 3) 


INTT2 (timer 2) 


INTET32 




IT3C 


IT3M2 : IT3M1 


IT3M0 


IT2C 


IT2M2 


IT2M1 


IT2M0 


(Prohibit 


R/W 


W 




RW 




W 






r\rvi W/ 





; : 



















INTerrupl 
Enable 
Treg 5/4 




INTTR5(TREG5) 


INTTR4 (TREG4) 


INTET54 




IT5C 


■ IT5M2 ; IT5M1 


: IT5M0 


IT4C 


i IT4M2 ; 


IT4M1 


iT4M0 


(Prohibit 


R/W 


W 




R/W 




W 






l\IVI W; 





: : 



















INTerrupl 
Enable 
Serial 




INTTXO 


INTRXO 


INTESO 


77H 


ITXOC 


; ITX0M2 ; ITX0M1 


ITXOMO 


IRXOC 


: IRX0M2 : IRX0M1 


IRXOMO 


(Prohibit 


RArt/ 


W 




RW 




W 






RMW) 





; ; 


















INTerrupt 
Enable 
Serial 1 




INTTXl 


INTRX1 


INTES1 


78H 


ITXIC 


■; ITX1M2 ; ITX1M1 


ITX1M0 


IRX1C 


i IRX1M2 : IRX1M1 


IRX1M0 


(Prohibit 


R/W 


W 




R/W 




W 






RMW) 





; ; 



















INTerrupt 

Enable 

A/D 




INTAD 




INTEAD 


79H 


lADC 


; IADM2 ; IADM1 


lADMO 




(Prohibit 


RA/V 


w 








RMW) 





; , 








lxxM2 


IxxMI 


IxxMO 


Function (Write) 













Prohibit interrupt request. 










1 


Set interrupt request level to " 1" . 












Set interrupt request level to "2". 







1 


1 


Set interrupt request level to "3". 




1 








Set interrupt request level to "4". 




1 





1 


Set interrupt request level to "5". 






1 





Set interrupt request level to "6". 






1 


I 


Prohibit interrupt request. 




IxxC 


Function (Read) 


Function (Write) 





Indicate no interrupt request. 


Clear interrupt request flag. 


1 


Indicate interrupt request. 


Don't care 
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(8) Interrupt Control (2/2) 



oymDOi 


Nsms 


Aaoress 


7 
/ 


D 


5 


4 


3 


2 


1 





DMAOV 


DMAO 
request 
Vector 


7CH 
(Protiibit 
RMW) 








pDMAO Start vector 








DMA0V8 


DMA0V7 


DMA0V6 


DAM0V5 


DMA0V4 








W 























DMA1V 


DMA1 

request 
Vector 


7DH 
(Prohibit 
RMW) 








pDMA1 start vector 








DMA01V8 


DMA1V7 


DMA1V6 


DAM1V5 


DMA1V4 








W 























DMA2V 


DMA 2 
request 
Vector 


7EH 
(Prohibit 
RMW) 








pDMA2 start vector 








DMA2V8 


DMA2V7 


DMA2V6 


DAM2V5 


DMA2V4 








W 























DMA3V 


DMAS 
request 
Vector 


7FH 
(Prohibit 
RMW) 








pDMAS start vector 








DMA3V8 


DMA3V7 


DMA3V6 


DAM3V5 


DMA3V4 








W 























IIMCO 


Interrupt Input 
Mode 
Control 


7AH 

(Prohibit 
RMW) 


I4IE 


I3IE 


I2IE 


HIE 


HEM 


lOlE 


lOLE 


NMIREE 


W 


























1 : INT4 

input 
enable 


1 : INT3 
input 
enable 


1 : INT2 
input 
enable 


1 : INT1 

input 
enable 


: INTO 
rising 
edge 

1 : INT1 
falling 
edge 


1 : INTO 
input 
enable 


: INTO 
edge 
mode 

1 : INTO 
level 
mode 


1 : Operate 
even at 
NMI rise 
edge 


IIMC1 


Interrupt Input 
Mode 
Control 1 


7BH 

(Prohibit 
RMW) 












I7IE 


I6LE 


I5IE 












W 































1 : INT7 
input 
enable 


1 : INT6 
input 
enable 


1 : INT5 
input 
enable 
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(9) Chip Select/Wait Controller (1/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





BOCS 


Block 
CS/WAIT 
control 
register 


68H 

(Protiibit 
RMW) 


BOE 


BOSYS 


BOARE 


BOBUS 


B0W1 


BOWO 


B0C1 


BOCO 


W 


























0:CSODIS 
1 : CSO EN 


1 : SYSTEM 
only 


0:7F00~ 

7FFF 
1 : Address 

area 
specification 


0: 16-bit Bus 
1 : 8-bit Bus 


00:2WAIT 
01 : 1WAIT 
10:1WAIT + n 
11:0WAIT 


00 : 2WAIT 
01 : 1WAIT 
10:1WAIT + n 
11:0WAIT 


B1CS 


Block 1 
CS/WAIT 
control 
register 


69H 

(Protiibit 
RMW) 


B1E 


B1SYS 


B1ARE 


B1BUS 


B1W1 


B1W0 






W 
























0:CSTDIS 
1 : CS1 EN 


T 


0:80- 

7FFF 
1 : Address 

area 
specification 


T 


T 






B2CS 


Block 2 
CS/WAIT 
control 
register 


6AH 

(Prohibit 
RMW) 


B2E 


B2SYS 


B2ARE 


B2BUS 


B2W1 


B2W0 






W 


1 








Undefined 












0:CSODIS 
1 : CSO EN 


T 


: 8000- 
3FFFFF 

1 : Address 
area 

specification 


T 


T 






BSCS 


Block 3 
CS/WAIT 
control 
register 


68H 

(Prohibit 
RMW) 


B3E 


B3SYS 


B3ARE 


B3BUS 


B3W1 


B3W0 


B3CAS 


SRFC 


W 


























0:CS3/CAS 

DIS 
1 : CS3/CAS 

EN 


t 


: Undefined 
1 : Address 
area 

specification 


T 


T 


0:CS3/CAS 

DIS 
1 : CS3/CAS 

EN 


0:Self 
refresh 
execution 
1 : Release 


MSARO 


Memory 
Start 

Adrress 
Reg.O 


40H 


S23 


S22 


S21 


S20 


SI 9 


S18 


SI 7 


SI 6 


R/W 


1 


1 


1 


1 


1 


1 


1 


1 


A23~A16 
Memory start address setting 


MAMRO 


Memory 
Start 

Adrress 
Mask 
Reg.O 


41 H 


V20 


V19 


V18 


VI 7 


V16 


V15 


V14-9 


V8 


R/W 


1 


1 


1 


1 


1 


1 


1 


1 


0: Address A8 ~ A20 comparison is valid. 

1 : Address A8~A20comparison is invalid. (Specification bit by bit). 


MSAR1 


Memory 
Start 

Adrress 
Reg.1 


42H 


S23 


S22 


S21 


S20 


S19 


S18 


S17 


SI 6 


R/W 


1 


1 


1 


1 


1 


1 


1 


1 


A23~A16 
Memory start address setting 
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(9) Chip Select/Wait Controller (2/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 







Memory 
Start 




V21 


V20 


V19 


VI 8 


V17 


V16 


V15~9 


V8 






R/W 


MAMR1 


Adrress 
Mask 
Reg.1 


43H 


1 


1 


1 


1 


1 


1 


1 


1 






0: Address A8 ~ A21 comparison is valid. 

1 : Address A8 ~ A21 comparison is invalid. (Specification bit by bit). 




Memory 
Start 
Adrress 




S23 


S22 


S21 


S20 


S19 


S18 


S17 


816 






R/W 


MSAR2 


44H 


1 


1 


1 


1 


1 


1 


1 


1 




Reg. 2 




A23~A16 
Memory start address setting 




Memory 
Start 




V22 


V21 


V20 


V19 


V18 


V17 


V16 


V15 






R/W 


MAMR2 


Adrress 
Mask 
Reg. 2 


45H 


1 


1 


1 


1 


1 


1 


1 


1 






0: Address A15 ~ A22 comparison is valid 

1: Address A15 ~ A22 comparison is invalid. (Specification bit by bit). 








S23 


S22 


S21 


S20 


S19 


S18 


S17 


S16 




Memory 
Start 
Adrress 




R/W 


MSAR3 


46H 


1 


1 


1 


1 


1 


1 


1 


1 




Reg. 3 




A23~A16 
Memory start address setting 




Memory 
Start 




V22 


V21 


V20 


V19 


V18 


VI 7 


V16 


V15 






R/W 


MAMR3 


Mask 
Adrress 
Reg. 3 


46H 


1 


1 


1 


1 


1 


1 


1 


1 






0: Address A15 ~ A22 comparison is valid 

1: Address A15 ~ A22 comparison is invalid. (Specification bit by bit). 
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(10) DRAM Control 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 











DM! 


RS2 


RS1 


RSO 


RW2 


RW1 


RWO 


RC 








R/W 
































DREFCR 


Refresh 
Control 
Reg. 


48H 


Dummy cycle 
: Prohibit 
1 : Execute 


Refresh cycle insertion interval 
000: 15 states 
001 : 31 states 
010: 62 states 
Oil: 78 states 
100: 97 states 
101 : 109 states 
110:124 states 
111 : 154 states 


Refresh cycle insertion interval 
000 : 2 states 
001 : 3 states 
010: 4 states 
Oil : 5 states 
100: 6 states 
101 : 7 states 
110: 8 states 
111 : 9 states 


Refresh cycle 
: Prohibit 
1 : Execute 
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6. Port Section Equivalent Circuit Diagram 

• Reading The Circuit Diagram 

Basically, the gate singles written are the same as 
those used for the standard CMOS logic IC [74HCXX] 
series. 

The dedicated signal is described below. 



STOP: This signal becomes active "1" when the hold mode 
setting register is set to the STOP mode and the CPU 
executes the HALT instruction. When the drive enable 
bit [DRIVE] is set to "1 however, STP remains at "0". 

• The input protection resistans ranges from several tens of 
ohms to several hundreds of ohms. 



PO (ADO ~ ADZ), P1 (ADS ~ 1 5, A8 ~ 1 5). P2 (A1 6 - 23) 



Output Data 



Output Enable -H V_ 
STOP -°l — ^ 

Input Data 



O— 1 




vcc 

t- P-ch 



Input Enable 




N-ch 



-C>o-|k- N-ch i Programmable 
^ ! Pull Down 
1 Resistance 
-" ' {onlyPORT2) 



RD. WR 



vcc 



Output Data 



IE- 




-O OUT 



• P30 ~ 33, P35 



Output Data 



Input Data 




Programmable 
9VCC ] Pull Up 
H_ I Resistor 

• (not exist in 
J PORTA) 



Oi/o 



Input Enable 
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• P61 ~ P67, P70 ~ P73, P75 ~ P76 



P50 (ANO/INTO) 



VCC 



Output Data 



Output Enable __j — s 

STOP -4_.y 

Input Data 





Input Enable 



-Ql/O 



Analog Input - 
Channel Select 

Analog Input 



Input Data 
INTO 



-Oo 2. 



-Q Input 



c<3- Input Enable 
o<| INTO Enable 



P51 ~ P53 (AN1 ~ 3/INT1 ~ 3) 



Analog Input - 
Channel Select 

Analog Input 



Input Data 
INTn 



-Q Input 



-o<}- Input Enable 



-o<]- INTn Enable 
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• PeOOXDO). P74(TXD1) 



vcc 



P34 (NMI/R/W) 



Output Data 



Open Drain 
Output Enable 



Input Data 




Input Enable 



r Programmable 

; ? VCC; Pull yp 

t-{>o-|u. I Resistor 



I/O 



VCC 



'9'VCC"1 Programmable 
: Pull Up 




Output Data 



Output Enable — i — \ 

1 — o | J 



. P40~ P43 (CSO ~ CS3/CAS) 



Output Data 



Open Drain 
Output Enable 



Input Data 




Programmable 
VCC| Pull yp 

■ Resistor 

a «/o 



Input Enable 
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CLK 



• RESET 



Output Enable ■ 
Internal CLK ■ 



VCC VCC 



STOP 
Internal Reset 




Test Circuit 



-oO vw- 



-{□ Output 



AM8/16 



-Q Input 



WDTOUT - 
reset enable ■ 



lOOkn VCC 
typ.\^ T 



-cx^— □ Input 



Schmitt 



X1,X2 



VREF 



STOP 



dock 



oscillator 



-OX2 



-a XI 



Iref = 0.5mA typ. 



Q VREF 



Ladder 
Resistor 



A/D Converter 
GND 



Note : In case stand by mode, 

Iref currents go on flowing. 
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7. Guidelines and Restrictions 

(1 ) Special Expression 

® Explanation of a built-in I/O register: Register 
Synnbol <Bit Synnbob 

ex) TRUN <TRUN> • • • Bit TORUN of Register TRUN 

® Read, Modify and Write Instruction 

An instruction which CPU executes following by one 
instruction. 

1 . CPU reads data of the memory. 

2. CPU modifies the data. 

3. CPU writes the data to the same memory. 

ex1) SET 3, (TRUN) • set bit3 of TRUN 
ex2) INC1 , (100H) increment the data of 100H 

• The representative Read, Modify and Write 
Instruction in the TLCS-900 

SET imm, mem, RES imm, mem 

CHG imm, mem, TSET imm, mem 

INC imm, mem, DEC imm, mem 

RLD A, mem, ADD imm, reg 

(D 1 state 

One cycle clock divided by 2 oscillation frequency is 
called 1 state 

ex) Oscillation frequency is 20MHz 

2/20MHZ = 100ns = 1 state 



(2) Guidelines 

® AM8/16 pin 

Fix these pins VCC or GND unless changing voltage. 
® Warming-up Counter 

The warming-up counter operates when the STOP 
mode, is released even the system which is used an 
external oscillator. As a result, it takes warming up time 
from inputting the releasing request to outputting the 
system clock. 

(D Programmable Pull Up/Down Resistance 



The programmable pull up/down resistors can be 
selected ON/OFF by program when they are used as 
the input ports. The case of they are used as the out- 
put ports, they cannot be selected ON/OFF by pro- 
gram. 

® Bus Releasing Function 

Refer to the "Note about the Bus Release" In 3.5 Func- 
tions of Ports because the pin state when the bus is 
released is written. 

(D Watch Dog Timer 

The watch dog timer starts operation immediately after 
the reset is released. When the watch dog timer is not 
used, set watch dog timer to disable. 

® CPU (High Speed m-DMA) 

Only the "LDC cr, r", "LDC r, cr" instruction can be 
used to access the control register like transfer source 
address register (DMASn) in the CPU. 
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TMP96C081F 

1 . Outline and Device Characteristics 

The TMP96C081 F are high-speed advanced 1 6-bit microcon- 
trollers developed for controlling mediunn to large-scale equip- 
ment. 

The TMP96C081 F are housed in a 100-pin flat package. 
Device characteristics are as follows: 

(1) Original 16-bit CPU 

• TLCS-90 instruction mnemonic upward compatible. 

• 1 6M-byte linear address space 

• General-purpose registers and register bank system 

• 1 6-bit multiplication/division and bit transfer/arithmetic 
instructions 

• High-speed micro DMA 

- 4 channels (1 .6^s/2 bytes @ 20MHz) 

(2) Minimum instruction execution time 

- 200ns @ 20MHz 



(3) Internal DMAC: 4 channels 

(4) External memory expansion 

• Can be expanded up to 1 6M bytes (for both programs and 
data).__ 

• AM8/1 6 pin (select the external data bus width) 

• Can mix 8- and 1 6-bit external data buses. 

"Dynamic data bus sizing 

(5) 8-bit timers: 2 channels 

(6) 8-bit PWM timers: 2 channels 

(7) 16-bit timers: 2 channels 

(8) Pattern generators: 4 bits, 2 channels 

(9) Serial interface: 2 channels 

(1 0) 1 0-bit A/D converter: 6 channels 

(11) Watchdog timer 

(1 2) Chip select/wait controller: 5 blocks 

(13) Interrupt functions 

• 3 CPU interrupts SWI instruction, privileged violation, 
and Illegal instruction 

• 1 8 internal interrupts 

• 6 external interrupts 

(14) I/O ports: Maximum 64 pins 

(15) Standby function : 3 halt modes (RUN, IDLE, STOP) 



^ 7-level priority can be set. 
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(ANO) P50- 
(AN1) P51 - 
(AN2) P52- 
(AN3)P53- 
(AN4) P54 - 
(AN5)P55- 
VREF- 
AVCC- 
AGND- 



(TXDO) P90 - 
{RXD0)P91 - 
(CTSO/SCLKO) P92 - 



(TXD1)P93 - 
(RXD1)P94 - 
(SCLKI) P95- 



(PGOO) P60 ' 
(PG01)P61 ■ 
(PG02) P62 ■ 
(PG03) P63 - 
(PG10) P64 - 
(PG11)P65 - 
(PG12) P66 - 
(PG13) P67 ' 



10-BIT 6CH 

A/D 
CONVERTER 



SERIAL I/O 
(CH.O) 



SERIAL I/O 
(CHI) 



PATTERN 
GENERATOR 
(CH.O) 



PATTERN 
GENERATOR 
(CH.1) 



(T01) P71-»|^ 

(T02) P72- 
(T03)P73-' 



(INT4/TI4) P80- 
(INT5/TI5) P81 - 
(T04)P82' 
(T05) P83- 

(;NT6/TI6) ?84- 
(INT7/TI7) P8S- 
(T06) P86- 



8BIT TIMER 
(TIMER 0) 



8BIT TIMER 
(TIMER 1) 



8BITPWM 
(TIMER 2) 



8BITPWM 
(TIMER 3) 



16BIT TIMER 
(TIMER 4) 



16BITTIMER 
(TIMERS) 




CMC 


CHI 


CH2 


CH3 



It II II 11 Ull 



CS/WAIT 
CONTROLLER 
(5-BLOCK) 



• AD8~AD15/A8~A15 



■ P20~P27 
(A16~A23) 



■RD 
■WR 

•P32(HWR) 
• P33(WAIT) 
■ P34{BUSRQ) 
•P35(BUSAK) 
■P36(R/W) 
P37(RAS) 



P40(CS0/CAS0) 
•P41(CS1/CAS1) 
P42(CS2/CAS2) 
P43(CS3/CAS3) 
P44(CS4/CAS4) 




Figure 1. TMP96C081F Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 

The assignment of input/output pins for TMP96C081 F, their Figure 2.1 shows pin assignment of TMP96C081 R 
name and outline functions. 



ANO P50 
(AN1)P51 
(AN2) P52 
(AN3) P53 
(AN4) P54 
(AN5) P55 
AVCC 
VREF 
AGND 
VSS 





(SCLKO/CTSO) P92 
(TXD1)P93 
(RXD1) P94 
(SCLK1)P95 
ALE 
VCC 
ADO 
ADl 
AD2 
AD3 



PA7 ( DACK3 ) 



PA6 ( DREQ3) 
PAS (DACK2) 
PA4(DREQ2) 



PA3 (DACK1) 
PA2 ( DREQ1 ) 
PA1 ( DACKO ) 
PAO (DREQO) 

CSEL 

P44 (CS4 /CAS4 ) 
P43 (CS3 /CAS3 ) 
P42 ( CS2/CAS2 ) 
P41 ( CS1/CAS1 ) 
P40 (CSO/CASO) 

VCC 

P37 (RAS) 
P36 (R/W) 
P35 ( BUSAK ) 
P34 ( BUSRQ ) 
P33 ( WAIT ) 
P32 (HWR) 
WR 
RD 

P27 {A7/A23) 
P26 (A6/A22) 
P25(A5/A21) 
P24 {A4/A20) 
P23(A3/A19) 
P22 {A2/A18) 
P21 (A1/A17) 
P20(A0/A16) 
VSS 

AD15/A15 
AD14/A14 

AD13/A13 

AD12/A12 

AD11/A11 

AD10/A10 

AD09/A9 

AD08/A8 

AD7 

AD6 

ADS 

AD4 



Figure 2.1. Pin Assignment (100-pin QFP) 
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2.2 Pin Names and Functions 

The names of input/output pins and their functions are described below. 



Table 2.2. Pin Names and Functions 



Pin NsniG 


Number 
of Pins 


I/O 


Fiinrtinnc 


ADO- ADZ 


8 


Tri-state 


Address/data (lower): - 7 for address/data bus 


AD8~AD15 
A8~A15 


8 


Tri-state 
Output 


Address data (upper): 8 - 15 for address/data bus 
Address: 8 to 15 for address bus 


P20~P27 

A0~A7 

A16~A23 


8 


I/O 
Output 
Output 


Port 2: I/O port that allows selection of I/O on a bit basis (with pull-down resistor) 
Address: - 7 for address bus 
Address: 16-23 for address bus 


RD 




Output 


Read: Strobe signal for reading external memory 


WR 




Output 


Write: Strobe signal for writing data on pins ADO -7 


P32 
HWR 




I/O 
Output 


Port 32: I/O port (with pull-up resistor) 

High write: Strobe signal for writing data on pins AD8 - 15 


P33 
WAIT 




I/O 
Input 


Port 33: I/O port (with pull-up resistor) 
Wait: Pin used to request CPU bus wait 


P34 
BUSRQ 




I/O 
Output 
Input 


Port 34: I/O port (with pull-up resistor) 

Bus request: Signal used to request high impedance for ADO - 15, AO - 23. RD, WR, HWR, R/W, RAS, CSO, 
CS1 , CS2. CS3 and CS4 pins. (For external DMAC) 


P35 
BUSAK 




I/O 
Output 


Port 35: I/O port (with pull-up resistor) 

Bus acknowledge: Strobe indicating that ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS. CSO, CS1. CS2. CS3 
and CS4 pins are at high impedance after receiving BUSRQ. (For external DMAC) 


P36 
R/W 




I/O 
Output 


Port 36: I/O port (with pull-up resistor) 

Read/write: 1 represents read or dummy cycle 0. write cycle. 


P£ 
RAS 




I/O 
Output 


Port 37: 1/0 port (with pull-up resistor) 

Row address strobe: Outputs RAS strobe for DRAM. 


P40 
CSO 
CASO 




I/O 
Output 
Output 


Port 40: I/O port (with pull-up resistor) 

Chip select 0: Outputs when address is within specified address area. 

Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 


P41 
C$1 
CAS1 




I/O 
Output 
Output 


Port 41 : I/O port (with pull-up resistor) 

Chip select 1 : Outputs if address is within specified address area. 

Column address strobe 1 : Outputs CAS strobe for DRAM when address is within specified address area. 


P42 
CS2 
CAS2 




I/O 
Output 
Output 


Port 42: I/O port (with pull-up resistor) 

Chip select 2: Outputs if address jswithin specified address area. 

Column address strobe 2: Outputs CAS strobe for DRAM when address is within specified address area. 


P43 
CS3 
CAS3 




I/O 
Output 
Output 


Port 43: I/O port (with pull-up resistor) 

Chip select 3: Outputs if address is within specified address area. 

Column address strobe 3: Outputs CAS strobe for DRAM if address is within specified address area. 


P44 
CS4 
CAS4 




I/O 
Output 
Output 


Port 43: I/O port (with pull-up resistor) 

Chip select 3: Outputs if addressjswithin specified address area. 

Column address strobe 4: Outputs CAS strobe for DRAM if address is within specified address area. 



Note: The internal I/O of this device cannot be accessed using the external DMA controller. 
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Pin Name 


Number 
of Pins 


i /n 
I/O 


Functions 


P50~P53 
AN0-~AN5 


6 


Input 
Input 


Port 5: Input port 

Analog input: input to A/D converter 


VREF 


1 




Pin for reference voltage input to A/D converter 


AVCC 


1 




Power supply pin for A/D converter 


AGND 


1 




Ground 


Dcr» CO 
rbU ~ bo 

PG00~03 


4 


i/U 
Output 


Port s 60 - 63: I/O ports tfiat allow selection of I/O on a bit basis 
Pattern generator ports: 00 - 03 


P64 ~ 67 
PG10~13 


4 


1 /n 
i/U 

Output 


Port s 64 - 67: I/O ports tfiat allow selection of I/O on a bit basis 
Pattern generator ports: 10-13 


P70 
TIO 


1 


I/O 
Input 


Port /u. I/U port 

Timer input 0: Timer or 1 output 


P71 
T01 


1 


I/U 
Output 


Port n . I/U port 

Timer output 1 : Timer or 1 output 


P72 
T02 


1 


I/O 
Output 


Port 72: I/O port 

rWM output z. o-Dit PWM timer 2. output 


P73 
T03 


1 


I/O 
Output 


Port 73: I/O port 

PWM output 3: 8-bit PWM timer 3 output 


P80 
TI4 
INT4 


1 


I/O 
Input 
Input 


Port 80: I/O port 

Timer output 4: Timer 4 count/capture trigger signal input 

Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge. 


P81 

TIC 

Ho 
INT5 


1 


I/O 
Input 
Input 


Port 81: I/O port 

Timer output 5: Timer 4 count/capture trigger signal input 

Interrupt request pin 5: Interrupt request pin witti programmable rising edge. 


P82 
T04 


1 


I/O 
Output 


Port 82: I/O port 

Timer output 4: Timer 4 output pin 


P83 
T05 


1 


I/O 
Output 


Port 83: I/O port 

Timer output 5: Timer 4 output pin 



Note: Pull-up/pull-down resistor can be released from the pin by software. 
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Pin Name 


Number 
of Pins 


I/O 


Functions 


P84 
TI6 
INT6 




I/O 
Input 
Input 


Port 84: I/O port 

Timer input 6: Timer 5 count/capture trigger signal input 

Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge 


P85 
TI7 
INT7 




I/O 
Input 
Input 


Port 85: I/O port 

Timer output 7: Timer 5 count/capture trigger signal input 
Interrupt request pin 7: Interrupt request pin with rising edge 


P86 
T06 




I/O 
Output 


Port 86: I/O port 

Timer output 6: Timer 5 output pin 


P87 
INTO 




I/O 
Input 


Port 87: I/O port 

Interrupt request pin 0: Interrupt request pin with programmable level/rising edge 


P90 
TXDO 




I/O 
Output 


Port 90: I/O port 
Serial send data 


P91 
RXDO 




I/O 
Input 


Port 91: I/O port 
Serial receive data 


P92 
CTSO 




I/O 
Input 


Port 92: I/O port 

Serial data send enable (Clear to Send) 


P93 
TXD1 




I/O 
Output 


Port 931/0 port 
Serial send data 1 


P94 
RXD1 




I/O 
Input 


Port 94: I/O port 
Serial receive data 1 


P95 
SCLK1 




I/O 
I/O 


Port 95: I/O port 
Serial clock I/0 1 


PAO 
DREQO 




I/O 
Input 


Port AO: I/O port 

DMA request 0: DMA channel request pin 


PA1 

DACKO 




I/O 
Output 


Port A1: I/O port 

DMA acknowledge 0: DMA channel acknowledge signal 


PA2 
DREQ1 




I/O 
Input 


PortA2: I/O port 

DMA request 1 : DMA channel 1 request pin 


PAS 
DACK1 




I/O 
Output 


Port A3: I/O port 

DMA acknowledge 1 : DMA channel 1 acknowledge signal 


PA4 
DREQ2 




I/O 
Input 


PortA4: I/O port 

DMA request 2: DMA channel 2 request pin 



Note: Pull-up/pull-clown resistor can be released from the pin by software. 
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Pin Name 


Number 
of Pins 


I/O 


Functions 


PAS 
DACK2 




I/O 

uuipui 


Port AS: I/O port 

uiviM doKiiuwicuyc c.. uiviM Liidiiiici doKnuwicuyt; oiyildl 


PA6 
DREQ3 




I/O 
Input 


PortA6: I/O port 

UlVIn IcLjUcol 0. UlVIn blidlllicl o It/LjUcol pill 


PAZ 

UML/iXO 




I/O 

UuipUl 


PortAZ: I/O port 

UIVIM dLMIUWIcUyc 0. UIVIM Llldllllcl dUKIIUWicUyc oiyiidi 


PBO 
AEN 




I/O 

UUl|JUl 


Port BO: I/O port 

AHHrocc onQhlo* FnahloH lA/hon intornral HK/IA hac hiic mactorchin 
nUUIUoo clldUIC. ClldUlcU Wllcll IlllCilldl UlVIn lido UUo IlldolCloliip 


PB1 
EOP 




I/O 
Input 


Port B1: I/O port 

DMA ap^nnwlpdnp PIMA rhannpl apl^nnwipHnp cinnai 
UlVIn dUM lUWIcUyc 0. UlVIn l>\ Id! II ICl dOM lUWICUyC oILjl Idl 


PB2 
TC 




i/n 

l/U 

Output 


Pnrt R9- l/D nnrt 
r ui I DC. l/U pui I 

Terminal count: Output signal to indicate transfer completion. 


lORD 




i/n 

l/U 

Output 


Pnrt I/n nnrt 
run DO. l/U puii 

I/O read signal: Strobe signal for reading external I/O wfien DMA is in signal address mode. 


PB4 
lOWR 




I/O 
Output 


Port B4: I/O port 

I/O write signal: Strobe signal for writing external I/O wtien DMA is in signal address mode. 


wnini IT 

VVU 1 UU 1 




UUlfJUl 


vvdiLiiuuy iiiiici uuipul pill 


MM! 




Input 


Mnn_macl/ahlo intorriint roniipct nin* Intorriint roniipct nin lA/ith follinn pHno Pan alcn ho nnoratoH at rieinn 
INUII llldol\dUIC/ llllcIIUpi icL|Uaol pill. lllicllUpi IcLjUC/ol pill Willi Idlllliy cUyc. Udll dloU Uc UpcldlcU dl llblliy 

edge by program. 


CLK 


1 


Output 


Clock output : Outputs L XI ^ 4 1 clock. Pulled-up during reset. 


AM8/T6 


1 


Input 


Address mode: Selects external Data Bus widtfi. 

"0" sfiould be input with fixed 16 bit Bus widtfi or 16 bit Bus interfaced widtfi 8bit Bus. 
"1" should be input with fixed 8 bit Bus width. 


CSEL 




Input 


CPU sleet: Signal used for emulation. Fix either "0" or "1". 


ALE 




Output 


Addres latch enable 


RESET 




Input 


Reset:: Initializes LSI. (With pull-up resistor) 


X1/X2 


2 


I/O 


Oscillator connecting pin 


VCC 


2 




Power supply pin {+5V)pin 


VSS 


2 




GND pin (OV) 



Note: Pull-up/pull-down resistor can be released from the pin by software. 
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3. Operation 

This section describes in blocks the functions and basic oper- 
ations of the TMP96C081 F device. 

Check the chapter Guidelines and Restrictions for proper 
care of the device. 

3.1 CPU 

The TMP96C081 F device has a built-in high-performance 1 6- 
bit CPU. (For CPU operation, see TLCS-900 CPU in the book 
Core Manual Architecture User Manual.) 

This section describes CPU functions unique to 
TMP96C081 F that are not described in the previous section. 



3.1.1 Reset 

To reset the TMP96C081 F, the RESET input nnust be kept at 
for at least 1 system clocks (1 states: 1 us with a 20MHz 
system clock) within an operating voltage range and with a 
stable oscillation. 

When reset is accepted, the CPU sets as follows: 

• Program counter (PC) to 8000H. 

• Stack pointer (XSP) for system mode to 100H. 

• SYSM bit of status register (SR) to 1 . (Sets to system mode.) 

• IFF2 to bits of status register to 111 . (Sets mask register to 
interrupt level 7.) 

• MAX bit of status register to 0. (Sets to minimum mode.) 

• Bits RFP2 to of status register to 000. (Sets register banks 
too.) 



When reset is released, instruction execution starts from 
address 8000H. CPU internal registers other than the above 
are not changed. 

When reset is accepted, processing for built-in l/Os, 
ports, and other pins is as follows: 

• Initializes built-in I/O registers as per specifications. 

• Sets port pins (including pins also used as built-in l/Os) to 
general-purpose input/output port mode (sets I/O ports to 
input ports). 

• Sets the WDTOUT pin to 0. (Watchdog timer is set to enable 
after reset.) 

• Pulls up the CLK pin to 1 . 

• Sets the ALE pin to 0. 
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3.2 Memory Map 

Figure 3.2 is a memory map of the TMP96C081 F. 



Internal I/O 
{256Byte) 



008000H 
008200H 



FFFFFFH 



External memory 
(32K- 128 Byte) 



Interrupt entry area 
.i32_en_triesx_16 ' 



Interrupt entry area 
{32K Byte) 



Direct area (n) 



External memory 
(16M-64K Byte) 



64KByte area 
(nn) 



16MByte area 
(R) 
(-R) 
(R + ) 

(R + R8/16) 
(R+d8/16) 
(nnn) 



J = Internal area) 



Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the system mode side to 100H. 

Figure 3.2. Memory Map 
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3.3 Interrupts The TMP96C081 F has altogether the following 27 inter- 

TLCS-900 interrupts are controlled by the CPU interrupt mask ''upt sources: 
flip-flop (IFF2 to 0) and the built-in interrupt controller. 



• Interrupts from the CPU 3 

(Software interrupts, privileged violations, and Illegal (undefined) instruction execution) 

• Interrupts from external pins (NMI, INTO, and INT4 to 7)- •■6 

• Interrupts from built-in l/Os" -'18 



A fixed individual interrupt vector number is assigned to 
each interrupt source; six levels of priority (variable) can also be 
assigned to each maskable interrupt. Non-maskable interrupts 
have a fixed priority of 7. 

When an interrupt is generated, the interrupt controller 
sends the value of the priority of the interrupt source to the 
CPU. When more than one interrupt is generated simulta- 
neously the interrupt controller sends the value of the highest 
priority (7 for non-maskable interrupts is the highest) to the 
CPU. 

The CPU compares the value of the priority sent with the 
value in the CPU interrupt mask register (IFF2 to 0). If the value 
is greater than that of the CPU interrupt mask register, the 
interrupt is accepted. The value in the CPU interrupt mask reg- 
ister (IFF2 to 0) can be changed using the El instruction (con- 
tents of the E! num/IFF <2:0> = num). For example, 
programming El 3 enables acceptance of maskable interrupts 



with a priority of 3 or greater, and non-maskable interrupts 
which are set in the interrupt controller. The Dl instruction (IFF 
<2:0> = 7) operates in the same way as the El 7 instruction. 
Since the priority values for maskable interrupts are to 6, the 
Dl instruction is used to disable maskable interrupts to be 
accepted. The El instruction becomes effective immediately 
after execution. (With the TLCS-90, the El instruction becomes 
effective after execution of the subsequent instruction.) 

In addition to the general-purpose interrupt processing 
mode described above, there is also a high-speed micro DMA 
processing mode. High-speed micro DMA is a mode used by 
the CPU to automatically transfer byte or word data. It enables 
the CPU to process interrupts such as data saves to built-in l/Os 
at high speed. 

Figure 3.3 (1) is a flowchart showing overall interrupt 
processing. 
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^Interrupt Processing^ 



Read Interrupt vector V. 
Clear interrupt request F/F. 



General-purpose 
interrupt processing 




PUSH PC 




PUSH SR 




SR<IFF2~0><- 


Accepted 




interruput 




level + 1 


SR<SYSM><- 1 





PC^V + 8000H 



End 



Data transfer by 
micro DMA 



COUNT <- COUNT -1 



(Notel) 



YES 







Interrupt processing 
program 








RETI Instruction 
/ POP SR \ 
\^POP PC J 














Micro DMA 
processing 



In read-only mode, 
always branches to NO 
without conditional 
branch. 



Figure 3.3 (1). Interrupt Processing Flowchart 
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3.3.1 General-Purpose Interrupt Processing 

When accepting an interrupt, the CPU operates as follows: 

(1 ) The CPU reads the interrupt vector from the interrupt 
controller. When more than one interrupt with the same 
level is generated simultaneously, the interrupt controller 
generates interrupt vectors in accordance with the 
default priority (which is fixed as follows: the smaller the 
vector value, the higher the priority), then clears the inter- 
rupt request. 

(2) The CPU pushes the program counter and the status 
register to the system stack area (area indicated by the 
system mode stack pointer). 

(3) The CPU sets a value in the CPU interrupt mask register 
<IFF2 to 0> that is higher by 1 than the value of the 
accepted interrupt level. However, if the value is 7, 7 is 
set without an increment. 

(4) The CPU sets the <SYSM> flag of the status register to 1 
and enters the system mode. 

(5) The CPU jumps to address 8000H + interrupt vector, 
then starts the interrupt processing routine. 



The table below shows the number of execution states 
for the above processing times. 



Bus Width of Stack Area 


Interrupt Processing State Number 


MAX mode 


Min mode 


8-bit 


23 


19 


16-bit 


17 


15 



To return to the main routine after completion of the inter- 
rupt processing, the RETI instruction is usually used. Executing 
this instruction restores the contents of the program counter 
and the status registers. 

Though acceptance of non-maskable interrupts cannot 
be disabled by program, acceptance of maskable interrupts 
can. A priority can be set for each source of maskable inter- 
rupts. The CPU accepts an interrupt request with a priority 
higher than the value in the CPU mask register <IFF2 to 0>. 
The CPU mask register <IFF2 to 0> is set to a value higher by 
1 than the priority of the accepted interrupt. Thus, if an inter- 
rupt with a level higher than the interrupt being processed is 
generated, the CPU accepts the interrupt with the higher level, 
causing interrupt processing to nest. 

The interrupt request with a priority higher than the 
accepted now interrupt during the CPU is processed above (1 ) 
~ (5) is accepted before the 1 'st instruction in the interrupt pro- 
cessing routine, causing interrupt processing to nest. This is 
the same case of over lapped each Non-maskable interrupt 
(level "7").) The CPU does not accept an interrupt request of 
the same level as that of the interrupt being processed. 

Resetting initializes the CPU mask registers <IFF2 to 0> 
to 7; therefore, maskable interrupts are disabled. 

The addresses 008000H to 0081 FFH (51 2 bytes) of the 
TLCS-900 are assigned for interrupt processing entry area. 
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Table 3.3 (1) TMP96C081F Interrupt Table 



Default Priority 


Type 


Interrupt Source 


Vector Value 


Start Address 


High-Speed 
Micro DMA 
Start Vector 


1 




Reset 


, or SWI instruction 


H 


8 H 


- 


2 




INTPREV: 


Privileged violation, or SWI1 


1 H 


8 1 H 


- 


3 




INTUNDEF: 


Illegal instruction, orSWI2 


2 H 


8 2 H 


- 


4 




SWI 3 Instruction 




3 H 


8 3 H 


- 


5 


Non- 
Maskable 


SWI 4 Instruction 




4 H 


8 4 H 


- 


6 


SWI 5 Instruction 




5 H 


8 5 H 


- 


7 




SWI 6 Instruction 




6 H 


8 6 H 


- 


8 




SWI 7 Instruction 




7 H 


8 7 H 


- 


9 




NMiPin 




8 H 


8 8 H 


08H 


10 




INTWD: 


Watctidog timer 


9 H 


8 9 H 


09H 


11 




INTO pin 




A H 


8 A H 


OAH 


12 




INT4 pin 




B H 


8 B H 


OBH 


13 




INT5 pin 




C H 


8 C H 


OCH 


14 




INT6 pin 




D H 


8 D H 


ODH 


15 




INT7 pin 




E H 


8 E H 


GEH 


32 




INTAD: 


A/D conversion completion 


F H 


8 F H 


OFH 


16 




INTTO: 


8-bit timer 


1 H 


8 1 H 


10H 


17 




INHI: 


8-bit timer 1 


1 1 H 


8 1 1 H 


11H 


18 




INn2: 


8-bit timer 2/PWMO 


1 2 H 


8 1 2 H 


12H 


19 




INHS: 


8-bit timer 3/PWM1 


1 3 H 


8 1 3 H 


13H 


20 


IvIdolvdUlc 


INTTR4: 


16-bit timer 4 (TREG4) 


1 4 H 


8 1 4 H 


14H 


21 


INnR5: 


16-bit timer 4 (TREG5) 


1 5 H 


8 1 5 H 


15H 


22 




INnR6: 


16-bit timer 5 {TREG6) 


1 6 H 


8 1 6 H 


16H 


23 




INTTR7: 


16-bit timer 5 (TREG7) 


1 7 H 


8 1 7 H 


17H 


24 




INTRXO: 


Serial receive (Channel. 0) 


1 8 H 


8 1 8 H 


18H 


25 




INTTXO: 


Serial send (Ctiannel.O) 


1 9 H 


8 1 9 H 


19H 


26 




INTRX1: 


Serial receive (Ctiannel.1) 


1 A H 


8 1 A H 


1AH 


27 




INTTX1: 


Serial send (Channel.l) 


1 B H 


8 1 B H 


1BH 


28 




DMAO: 


DMA channel 


1 C H 


8 1 C H 


1CH 


29 




DMA1: 


DMA channel 1 


1 D H 


8 1 D H 


1DH 


30 




DMA2: 


DMA channel 2 


1 E H 


8 1 E H 


1EH 


31 




DMA3: 


DMA channel 3 


1 F H 


8 1 F H 


1FH 
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3.3.2 High-Speed Micro DMA 

In addition to the conventional interrupt processing, the TLCS- 
900 also has a high-speed micro DMA function. When an inter- 
rupt is accepted, in addition to an interrupt vector, the CPU 
receives data indicating whether processing is high-speed micro 
DMA mode or general-purpose interrupt. If high-speed micro 
DMA mode is requested, the CPU performs high-speed micro 
DMA processing. 

The TLCS-900 can process at very high speed com- 
pared with the TLCS-90 micro DMA because it has transfer 
parameters in dedicated registers in the CPU. Since those 
dedicated registers are assigned as CPU control registers, they 
can only be accessed by the LDC (privileged) instruction. 

(1) High-Speed Micro DMA Operation 

High-speed micro DMA operation starts when the accepted 
interrupt vector value matches the micro DMA start vector 
value set in the interrupt controller. The high-speed micro DMA 
has four channels so that it can be set for up to four types of 
interrupt source. 

When a high-speed micro DMA interrupt is accepted, 
data is automatically transferred from the transfer source 
address to the transfer destination address set in the control 
register, and the transfer counter is decremented. If the value in 
the counter after decrementing is other than 0, high-speed 
micro DMA processing is completed. If the value in the counter 
after decrementing is 0, general-purpose interrupt processing 
is performed. In read-only mode, which is provided for DRAM 
refresh, the value in the counter is ignored and dummy read is 
repeated. 

The 32-bit control registers are used for setting transfer 



source/destination addresses. However, the TLCS-900 has 
only 24 address pins for output. A 16M-byte space is available 
for the high-speed micro DMA. Also in normal mode operation, 
the all address space {in other words, the space for system 
mode which is set by the CSAVAIT controller) can be 
accessed by high-speed micro DMA processing. 

There are two data transfer modes: one-byte mode and 
one-word mode. Incrementing, decrementing, and fixing the 
transfer source/destination address after transfer can be done 
in both modes. Therefore data can easily be transferred 
between I/O and memory and between l/Os. For details of 
transfer modes, see the description of transfer mode registers. 

The transfer counter has 1 6 bits, so up to 65536 trans- 
fers (the maximum when the initial value of the transfer counter 
is OOOOH) can be performed for one interrupt source by high- 
speed micro DMA processing. 

After transferring data using the high-speed micro DMA 
and the transfer counter has been decremented to 0, the pro- 
gram goes to a general-purpose interrupt processing. Note 
that after interrupt processing, when an interrupt for the same 
channel is generated, if the system requires resetting the trans- 
fer counter starts from 65536. 

For the source and destination address registers, please 
reset the register number when specifying a particular register 
number Othenwise, the register number is counted in order. 

Interrupt sources processed by high-speed micro DMA 
processing are those with the high-speed micro DMA start 
vectors listed in Table 3.3 (1). 

The following timing chart shows a high-speed micro DMA 
cycle of the transfer address in increment mode (all modes 
except the Read-only mode operate similarly). (Condition: MIN 
mode, 16-bit Bus width for 16M Byte, wait) 
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High-Speed //DMA cycle (COUNT = 0) 

(Notel) This is added 2 states the case of the bus width of source address (Note3) This may be a dummy cycle with instruction queue buffer. 

area is 8bit (Note4) This is added 2 states the case of the bus width of stack address 

(Note2) This is added 2 states the case of the bus width of destination area is 8bit 

address area is 8bit 
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(2) Register Configuration (CPU Control Register) 

ChannelO 

source address register 1 ^^^^ 24 bits.) 

destination address register J 
counter register (1~65536) 
mode register 



Channell 
DMAS! 
DMAD1 

DMAC1 

DMAMl 

Channel2 
DMAS2 
DMAD2 

DMAC2 

DMAM2 

Channels 
DMAS3 
DMAD3 

DMAC3 

DMAM3 
|-e-8bit-*^ 

16bit - 

3 2 b it ^ 

This Control Register cannot be set only "LDC or, r" instruction. 



DMASO Transfer 

PMADO ^ Transfer 

DMACO Transfer 

DMAMO Transfer 



Transfer source address register 1 
Transfer destination address register 1 
Transfer counter register 1 
Transfer mode register 1 



Transfer source address register 2 
Transfer destination address register 2 
Transfer counter register 2 
Transfer mode register 2 



Transfer source address register 3 
Transfer destination address register 3 
Transfer counter register 3 
Transfer mode register 3 
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(3) Transfer Mode Register Details 



(DMAM0~3) 




I 



Mode 

J \ 



Note : When specifying values for this 
register, set the upper 4 bits to 0. 



■ Z: = byte transfer, 1 = word transfer 



execution time (Min.) 

L 



z 


Transfer destination address INC mode for I/O to memory 
(DMADn +)*-(DMASn) 
DMACn<-DMACn - 1 
if DMACn=Othen INT. 


16 states 
(1.6/iS) 


1 z 


Transfer destination address DEC mode for I/O to memory 
(DMADn-)<-(DMASn) 
DMACn<-DMACn - 1 
if DMACn=Othen INT. 


16 states 
{1.6//S) 


1 z 


Transfer source address INC mode for I/O to memory 
(DMADn)<-(DMASn+) 
DMACn^-DMACn - 1 
if DMACn =Othen INT. 


16 states 
(1.6//S) 


1 1 z 


Transfer source address DEC mode for I/O to memory 

(DMADn)<-(DMASn-) 
DMACn<-DMACn - 1 
if DMACn =0 then INT. 


16 states 


1 z 


Fixed address mode I/O to I/O 

(DMADn)*-(DMASn) 
DMACn*-DMACn - 1 
if DMACn =0 then INT. 


16 states 
(1.6/.S) 


10 10 


Read-only mode for DRAM refresh 

Dummy<-(DMASn) ; Reads 4 bytes. 
DMASn«-DMASn + 4 ; Increments lower word only. 
DMACn<-DMACn - 1 


14 states 
(1.4//S) 


10 11 


Counter mode for interrupt counter 

DMASn<-DMASn + 1 
DMACn<-DMACn - 1 
if DMACn =0 then INT. 


1 1 states 
(l-Vs) 



(1 states = 100ns @20MHz) 

n : corresponds to high-speed //DMA channels 0-3. 

DMADn -h/ DMASn -f- : Post-increment (Increments register value after 

transfer.) 

DMADn — / DMASn - : Post-decrement (Decrement register value after transfer.) 
Excution time : Indicates when the destination/source address space is 16-bit bus 
width and is set to WAIT. 



All address space which is can be accessed by high- select/wait controller. Do not use undefined codes for transfer 

speed ^iDMA is the space for system mode, specified chip mode control. 
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(4) Example for High-Speed Micro DMA Operation 

< Example for usage of read only mode (DRAM refresh)> 

When the hardware configuration is as follows: 
DRAM mapping size: = 1 MB 
DRAM data bus size: = 8 bits 
DRAM mapping address range: = lOOOOCXDH to 

1FFFFFFH 

Set the following registers first; refresh is performed auto- 
matically. 

® Register initial value setting 

LD XIX, 1000000H 

LDC DMASO, XIX " mapping start address 
LD A, 00001 01 OB 

LDC DMAMO, A • • read only mode (for DRAM 
refresh 

(D Timer setting 

Set the timers so that interrupts are generated at inter- 
vals of 62.5^3 or less. 

(D Interrupt controller setting 

Set the timer interrupt above level at the other desired 
interrupt request level. Write the above timer interrupt 
vector value in the micro DMA start vector register, 
DMAOV. 

(Operation description) 

The DRAM data bus is in an 8-bit bus and the high- 
speed jiDMA is in read-only mode (4 bytes), so refresh 
is performed for four times per interrupt. 
When a 51 2 refresh/8ms DRAM is connected, DRAM 
refresh is performed sufficiently if the high-speed 
fiDMA is started every 1 5.625ns x 4 = 62.4|lis or less, 
since the timing is 1 5.625}is/refresh. 

(Overhead) 

Each processing time by the high-speed ^DMA is 
1 .8ns (1 8 states) @ 20MHz with an 8-bit data bus. 
In the above example, the micro DMA is started every 
62.5ns, 1.8ns/62.5ns = 0.0288; thus, the overhead is 
2.88%. 

(Note) 

Please be aware that a refresh is ineffective at a bus 
release which an interrupt is in a wait state, because 
the high-speed micro DMA is started by an interrupt. 



3.3.3 Interrupt Controller 

Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The 
left half of the diagram shows the interrupt controller; the right 
half includes the CPU interrupt request signal circuit and the 
HALT release signal circuit. 

Each interrupt channel (total of 20 channels) in the inter- 
rupt controller has an interrupt request flip-flop, interrupt prior- 
ity setting register, and a register for storing the high-speed 
micro DMA start vector. The interrupt request flip-flop is used 
to latch interrupt requests from peripheral devices. The flip-flop 
is cleared to at reset, when the CPU reads the interrupt 
channel vector after the acceptance of interrupt, or when the 
CPU executes an instruction that clears the interrupt of that 
channel (writes in the clear bit of the interrupt priority setting 
register). 

For example, to clear the INTO interrupt request, set the 
register after the Dl instruction as follows. 

INTEOAD< — Zero-clears the INTO Flip Flop. 

The status of the interrupt request flip-flop is detected by 
reading the clear bit. Detects whether there is an interrupt 
request for an interrupt channel. 

The interrupt priority can be set by writing the priority in 
the interrupt priority setting register (e.g., INTEOAD, INTE45, 
etc.) provided for each interrupt source. Interrupt levels to be 
set are from 1 to 6. Writing or 7 as the interrupt priority dis- 
ables the corresponding inter rupt request. The priority of the 
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed 
to 7. If interrupt requests with the same interrupt level are gen- 
erated simultaneously, interrupts are accepted in accordance 
with the default priority (the smaller the vector value, the higher 
the priority). 

The interrupt controller sends the interrupt request with 
the highest priority among the simultaneous interrupts and its 
vector address to the CPU. The CPU compares the priority 
value <IFF2 to 0> set in the Status Register by the interrupt 
request signal with the priority value sent; if the latter is higher, 
the interrupt is accepted. Then the CPU sets a value higher 
than the priority value by 1 in the CPU SR <IFF2 to 0>. Inter- 
rupt requests where the priority value equals or is higher than 
the set value are accepted simultaneously during the previous 
interrupt routine. When interrupt processing is completed (after 
execution of the RETI instruction), the CPU restores the priority 
value saved in the stack before the interrupt was generated to 
the CPU SR <IFF2 to 0>. 

The interrupt controller also has four registers used to 
store the high-speed other micro DMA start vector. These are 1/ 
O registers; unlike other DMA registers (DMAS, DMAD, DMAM, 
and DMAC), they can be accessed in either normal or system 
mode. Writing the start vector of the interrupt source for the 
micro DMA processing (see Table 3.3 (1)), enables the corre- 
sponding interrupt to be processed by micro DMA processing. 
The values must be set in the micro DMA parameter registers 
(e.g., DMAS and DMAD) prior to the micro DMA processing. 
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Figure 3.3.3 (1). Block Diagram of Interrupt Controller 
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(1) Interrupt Priority Setting Register 



(Read-modify-write prohibited.) 



Symbol 


Address 


7 


i 6 ! 5 


4 


3 


; 2 i 1 









INTAD 


INTO 


INTEOAD 


70H 


lADC 


; IADM2 ; IADM1 


; lADMO 


IOC 


i I0M2 ; tOMI 


i lOMO 


fVW 


W 




R/W 


W 











• i 








: : 









INT5 


INT4 


INTE45 


71H 


ISC 


.' ISM2 • ISM1 


; I5M0 


I4C 


i I4M2 i I4M1 


i I4M0 


R/W 


W 




RW 


W 











i i 








: : 









INT7 


INT6 


INTE67 


72H 


I7C 


; I7M2 : I7M1 


: I7M0 


I6C 


: I6M2 : I6M1 


: I6M0 


R/W 


W 




R/W 


W 











i i 


















INTT1 (Timerl) 


INTTOCTimerO) 


INTET10 


73H 


IT1C 


i IT1M2 •: IT1M1 


IT1M0 


ITOC 


IT0M2 IT0M1 


ITOMO 


R/W 


W 




R/W 


w 











i ; 


















INTT3 (Timer3/PWM1) 


INTT2 (Timer2/PWM0) 


INTEPW10 


74H 


IPW1C 


i|PW1M2;iPW1M1 


IPW1M0 


IPWOC 


IPW0M2i|PW0M1 


IPWOMO 


R/W 


w 




RW 


W 











= 0^0 


















INTTR5(TREG5) 


INTTR4(TREG4) 


INTET54 


75H 


IT5C 


; ITSM2 ; IT5M1 


IT5M0 


IT4C 


IT4M2 ; IT4M1 


IT4M0 


R/W 


: w 




R/W 


W 









•: ; 


















INTTR7(TREG7) 


INTTR6 (TREG6) 


INTET76 


76H 


IT7C 


: IT7M2 ; IT7M1 


mm 


IT6C 


IT6M2 ; IT6M1 


IT6M0 


R/W 


w 




RJ\N 


W 









i : 


















INTTXO 


INTRXO 


INTESO 


77H 


ITXOC 


; ITX0M2 : ITX0M1 


ITXOMO 


IRXOC 


IRX0M2 i IRX0M1 


IRXOMO 


RW 


w 




RW 


W 









: i 


















INTTX1 


INTRX1 


INTES1 


78H 


ITXIC 


; ITX1M2 • ITX1M1 


ITX1M0 


IRX1C 


IRX1M2 i IRX1M1 


IRX1M0 


R/W 


w 




R/W 


W 











; i 


















DMA1 


DMAO 


INTDMAO 


79H 


ID1C 


: ID1M2 ; ID1M1 


ID1M0 


IDOC 


ID0M2 ; ID0M1 


lOOMO 


R/W 


w 




RW 


W 











i ; 


















DMAS 


DMA2 


INTDMA1 j 


7AH 


ID3C 


: ID3M2 ; ID3M1 


ID3M0 


ID2C 


ID2M2 ; ID2M1 


ID2M0 


R/W 


w 




R/W 


W 











; ; 








i 






lxxM2 


IxxMI 


IxxMO 


Function (Write) 













Prohibits interrupt request. 










1 


Sets interrupt request level to "1". 












Sets interrupt request level to "2" . 









1 


Sets interrupt request level to "3" . 




1 








Sets interrupt request level to "4". 




1 





1 


Sets interrupt request level to "5". 




1 







Sets interrupt request level to "6". 




1 


1 


1 


Prohibits interrupt request. 




IxxC 


Function (Read) 


Function (Write) 





Indicates no interrupt request. 


Clears interrupt request flag. 




Indicates interrupt request. 


Don't care 
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(2) External Interrupt Control 



IIMC 
(007BH) 



Read-modify-write is 
prohibited. 



Interrupt Input Mode Control Register 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 












lOlE 


lOLE 


NMIREE 


Read/Write 












W 


W 


W 


After reset 





















Function 












1: INTO 
input 
enable 


0: INTO 
edge 
mode 

1 : INTO 
level 
mode 


1 : Can be 
operated 
inNMI 
rising 
edge. 



INTO input enable (Note) 



INTO disable (P87 function only) 



The INTO pin can ulso be used for standby release as described later. 
lOven if the pin is not used for standby release, setting this register to 
"0" maintains the port function during standby mode. 



NMI rising edge enable 



Interrupt request generation at 
falling edge 



Interrupt request generation at 
rising/falling edge 



INTO level enable 



Rising edge detect interrupt 



High level interrupt 



Setting of External Interrupt Pin Functions 



Interrupt 


Pin name 


Mode 


Setting method 


NMI 




~\_ Falling edge 


IIMC<NMIREE>=0 


— V , — Rising and falling 
* ' edqes 


IIMC<NMIREE> = 1 


INTO 


P87 


_f~ Rising edge 


IIMC<IOLE> = 0. <I0IE> = 1 


J ■ V- Level 


IIMC<IOLE> = 1.<IOIE> = 1 


INT4 


P80 


_f~ Rising edge 


T4MOC<CAP12M1.0> = 0,0 or 0,1 or 1,1 


~\_ Falling edge 


T4MOD<CAP12M1, 0> = 1, 


INT5 


P81 


_/"" Rising edge 




INT6 


P84 


_J~ Rising edge 


T5MOC<CAP34M1,0> = 0,0 or 0,1 or 1,1 


~\_ Falling edge 


T5MOD<CAP34M1, 0> = 1,0 


INT7 


P85 


_/~ Rising edge 
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(3) High-Speed Micro DMA Start Vector 

When the CPU reads the interrupt vector after accepting an 
interrupt, it sinnultaneously compares the interrupt vector with 
each channel's micro DiVIA start vector (bits 4 to 8 of the inter- 
rupt vector). When both match, the interrupt is processed in 



micro DMA mode for the channel whose value matched. 
If the high-speed |iDMA vector matches more than one chan- 
nel, the channel with the lower channel number has a higher 
priority. 



Micro DMAO Start Vector (read-modify-write is not possible.) 







7 J 


6 


5 


4 


3 


2 


1 





DMAOV 


bit Symbol 






DMA0V8 


DMA0V7 


DMA0V6 


DMA0V5 


DMA0V4 


(007CH) 


Read/Write 


W 




After reset 


s 





















Micro DMA1 Start Vector 










(read-modify-write is not possible.) 






7 1 


6 


5 


4 


3 


2 


1 





DMA1V 


bit Symbol 






DMA1V8 


DMA1V7 


DMA1V6 


DMA1V5 


DMA1V4 


(007DH) 


Read/Write 


W 




After reset 





















Micro DMA2 Start Vector 










(read-modify-write is not possible.) 






7 1 


6 




4 


3 


2 


1 





DMA2V 


bit Symbol 




DMA2V8 


DMA2V7 


DMA2V6 


DMA2V5 


DMA2V4 


(007EH) 


Read/Write 


W 




After reset 























Micro DMAS Start Vector 










(read-modify-write is not possible.) 








6 


5 


4 


3 


2 


1 





DMA3V 


bit Symbol 






DMA3V8 


DMA3V7 


DMA3V6 


DMA3V5 


DMA3V4 


(007FH) 


Read/Write 


W 




After reset 






















(4) Notes 

The instruction execution unit and the bus interface unit of this 
CPU operate independently of each other. Therefore, if the instruc- 
tion used to clear an interrupt request flag of an interrupt is fetched 
before the interrupt is generated, it is possible that the CPU might 
execute the fetched instruction to clear the interrupt request flag 



while reading the interrupt vector after accepting the inter- 
rupt. If so, the CPU would read the default vector (X)AO 
and start the interrupt processing from the address 80A0. 

To avoid this, nnake sure that the instruction used to 
clear the interrupt request flag comes after the Dl instruction. 
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3.4 Standby Function 

When the HALT instruction is executed, the TMP96C081 F 
enters RUN, IDLE, or STOP mode depending on the contents 
of the HALT mode setting register. 

(1) RUN: Only the CPU halts; power consumption remains 

unchanged. 

(2) IDLE: Only the built-in oscillator operates, while all other 

built-in circuits halt. Power consumption is 



reduced to 1/10 or less than that during normal 
operation. 

(3) STOP: All internal circuits including the built-in oscillator 
halt. This greatly reduces power consumption. 



The states of the port pins in STOP mode can be set as 
listed in Table 3.4 (1) using the I/O register WDMOD <DRVE> 
bit. 



WDMOD 
(005CH) 





7 


6 


5 


4 1 3 


2 


1 





Bit Symbol 


WDTE 


WDTP1 


WDTPO 


WARM j HALTMI 


HALTMO 


RESCR 


DRVE 


Read/Write 


R/W 


After reset 


1 








j 











Function 


1 :WDT 
Enable 


00: 
01 : 
10: 
11 : 
Detec 


2^6 /fc 
2i8/fc 
220/ fc 
2^2/ fc 
ion time 


Warming up \ Standby mode 

time j 00: RUN mode 
0:2^Mc \ 01: STOP mode 
1:2^Vfc 1 10: IDLE mode 
j 11: Don't care 


1: Connects 
watchdog 
timer 
output to 
RESET pin 
internally. 


1: Drive pin 
even in 
STOP 
mode. 



When STOP mode is released by other than a reset, the 
system clock output starts after allowing some time for warm- 
ing up set by the warming-up counter fro stabilizing the bulit-in 
oscillator, (same the external oscillator) To release by a reset, it 
is necessary to allow a reset time long enough to allow the 
oscillator to stabilize. 



To release standby mode, a reset or an interrupt i s use d. 
To release IDLE or STOP mode, only an interrupt by the NMI or 
INTO pin, or a reset can be used. The details are described 
below: 



Standby Release by Interrupt 



Interrupt Level 
Standby Mode""'"^"^^---.-^..^^^^ 


Interrupt Mask (IFF2 to 0) 
< Interrupt Request Level 


Interrupt Mask(IFF2 to 0) 
> Interrupt Request Level 


RUN 


Can be released by any interrupt. 

After standby mode is released, interrupt processing starts. 

(Note 1) 


Can only be released by INTO pin. 

Processing resumes from address next to HALF instruction. 


IDLE 


Can only be released by NMfor INTO pin. After standby mode 
is released, interrupt processing starts. 
(Note 1) 


T 


STOP 


T(Note1) 


T 



Note 1 : When releasing standby setting INTO to high level input mode, keep it high until interrupt processing starts. If the level drops to low, interrupt 
processing cannot be started correctly. 
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Table 3. 4 (1) Pin States in STOP Mode (1/2) 



Pin Name 


1/0 


DRVEsO 


DRVEsI 


PO 


Input mode/ADO ~ 7 
Output mode 


- 


- 

Output 


PI 


Input mode/AD8~15 
Output mode/A8~15 


- 


Output 


P2 


Input mode 

Output mode/AO ~ 7, A16 ~ 23 


PD* 
PD* 


PD* 
Output 


RD.WR 


Output 




Output 


P32~P37 


Input mode 
Output mode 


PU 
PU 


PU 
Output 


P40, P41,P43, P44 


Input mode 
Output mode 


PU* 
PU* 


PU* 
Output 


P42(CS2/CAS2) 


Input mode 
Output mode 


PD* 
PD* 


PD* 
Output 


P50 ~ P53 


Input 






P54 


Input mode 
Output mode 


Input 


Input 
Ouput 


P60~P63 


Input 


- 


Input 


P64 


Input mode 
Output mode 


Input • 


Input 
Output 


P7 


Input mode 
Output mode 


- 


Input 
Output 


P80~P83 


Input mode 
Output mode 




Input 
Output 


P86(NMl) 


Input mode 






P87 (INTO) 


Output mode 




Output 


P90 


Input mode 
Output mode 


PU* 
PU* 


PU* 
Output 


P91 ~ P93 


Input mode 
Output mode 


- 


Input 
Output 


PA 


Input mode 
Output mode 




Input 
Output 


PB 


Input mode 
Output mode 




Input 
Output 


WDTOUT 


Output 


Output 


Output 


ALE 


Output 


"0" 


"0" 



-: Input for input mode/input pin is invalid; output mode/output pin is at high impedance. 
Input enable state 

Input: Input gate in operation. Fix input voltage to or 1 so that input pin stays constant. 
Output: Output state 

PU: Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a pull-up resistor is not set. 
PD: Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set. 
*: Input gate disable state. No through current even if the pin is set to high impedance. 

Note: Port registers are used for controlling programmable pull-up/pull-down. 
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Table 3. 4 (1) Pin States in STOP Mode (1/2) 



Pin Name 


I/O 


DRVE>:0 


DRVE-1 


CLK 


Output 




"1" 


RESET 


Input 




AM8/16 


Input 


Input 


Input 


XI 


Input 






X2 


Output 


"1" 


"1" 


D-AO 
D-A1 


Output 


OV 


OV 



input for input mode/input pin is invalid; output mode/output pin is at high impedance. 
Input enable state 

Input: Input gate in operation. Fix input voltage to or 1 so that input pin stays constant. 
Output: Output state 

PU: Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a pull-up resistor is not set. 
PD: Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set. 
*: Input gate disable state. No through current even if the pin is set to high impedance. 

Note: Port registers are used for controlling programmable pull-up/pull-down. 
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3.5 Functions of Ports internal l/Os as well as general-purpose I/O port functions. 

The TMP96C081 F has 64 bits for I/O ports. Table 3.5(1) lists the function of each port pin. 

These port pins have I/O functions for the built-in CPU and 



(R: t = With programmable pull-up resistor 
Table 3.5 (1) Functions of Ports ^ = with programmable pull-down resistor 



Port Name 


Pin Name 


Number of 
Pins 


Direction 


R 


Direction Setting Unit 


Pin Name for Built-in Function 


Port2 


P20 to P27 


8 


I/O 


i 


Bit 


A0toA/A16toA23 


Ports 


P32 
P33 
P34 
P35 
P36 
P37 


1 

i 


I/O 
I/O 
I/O 
I/O 
I/O 
I/O 


T 
T 
T 
t 
T 
T 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


HWR 

WAiT 

BUSRQ 

BUSAK 

R/W 

RAS 


Port4 


P40 
P41 
P42 
P43 
P44 




I/O 
I/O 
I/O 
I/O 
I/O 


T 
T 

t 
T 


Bit 
Bit 
Bit 
Bit 
Bit 


CSO/CASO 
CS1/CAS1 
CS2/CAS2 
CS3/CAS3 
CS4/CAS4 


Ports 


P50to P55 


6 


Input 




(Fixed) 


AN0~AN5 


Porte 


P60to P67 


8 


I/O 


t 


Bit 


PG00~PG03, PG10~PG13 


Port? 


P70 
P71 
P72 
P73 


1 — ] 


I/O 
I/O 
I/O 
I/O 


- 


Bit 
Bit 
Bit 
Bit 


TIO 
T01 
T02 
T03 


Ports 


P80 
P81 
P82 
P83 
P84 
P85 
P86 
P87 


i 


I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 




Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


TI4/INT4 
TI5/INT5 
T04 
T05 

TI6/INT6 
TI7/INT7 
T06 
INTO 


Port9 


P90 
P91 
P92 
P93 
P94 
P95 




I/O 
I/O 
I/O 
I/O 
I/O 
I/O 


t 
t 


Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


TxDO 
RxDO 

CTSO/SCLKO 
TxD1 
RxD1 
SCLK1 


PortA 


PA0~PA7 




I/O 




Bit 


DREQ0~3.DACK0~3 


PortB 


PAO 
PA1 
PA2 
PA3 
PA4 




1/0 
I/O 
I/O 
I/O 
I/O 




Bit 
Bit 
Bit 
Bit 
Bit 


AEN 

EOP 

TO 

lORD 

lOWR 



MCU900-452 



TLCS-900 16-bit Microcontroller 



TMP96C081F 



Resetting makes the port pins listed below function as 
general-purpose I/O ports. 

I/O pins programmable for input or output are set to input 
ports. 

To set port pins for built-in functions, a program is 
required. 

* Note about the Bus Release and programmable pull-up/ 
down I/O ports. 



When the bus is released (BUSAK = "0"), the output 



buffer for ADO - A D1 5, AO - /\ 2 3, control sig nal (RD, WR, 
HWR, RAN, RAS, CSO/CASO - GS4/CAS4) is off and their 
state become high-impedance. 

However, the output of built-in programmable pull up/ 
down resistors are kept before the bus is released. These pro- 
grammable pull up/down resistors can be selected ON/OFF by 
programmable when they are used as the input ports. 

They are used as the output ports, they cannot be 
selected ON/OFF by programmable. 

The following in the pin state when the bus is released 
(BUSAK = "0"). 



Pin Name 


Pin state at bus release 


Used as the port 


Used as the function 


POO to P07 
AD8to15/A8to15 




becomes high-impedance (HZ). 


RD 
WR 




becomes high-impedance (HZ); 

("Hz" status after these pins are driven to high level.)) 


P32{fM) 
P37 (RAS) 


The state is not changed. 

(does not become high-impedance (HZ).) 


The output buffer is "OFF". 

These pins are added to theinternal resistor of pull-up. 1 
t's no relation for the value of output latch. 


P36(R/W) 
P40 (CSO/CASO) 
P41 (CS1/CAS1) 
P42 (CS3/CAS3) 
P42(CS4/CAS4) 


The state is not changed. 

(does not become high-impedance (HZ).) 


The output buffer is "OFF". 

These pins are added to theinternal resistor of pull-up. 
It's no relation for the value of output latch. 


P42(CS2/CAS2) 


The state is not changed. 

(does not become high-impedance (HZ).) 


The output buffer is "OFF". 

These pins are added to theinternal resistor of pull-up. 1 
t's no relation for the value of output latch. 


P20-P27 
(A16-A23) 


The state is not changed. 

(does not become high-impedance (HZ).) 


The output buffer is "OFF". 

These pins are added to theinternal resistor of pull-down. 
It's no relation for the value of output latch. 
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The following are the example of the interface circuit I/O can be accessed. But the internal I/O continues to operate, 

about above the pins the case of the bus releasing function is So, the watchdog timer also continues to run. Therefore, 

used. be careful about bus releasing time and set the detection time 

When bus is released, both internal memory and internal of WDT 



P35 (BUSAK) 
P42 (CS2) 



P30 (RD) ^ 
P31 (WR)^ 
P32 (HWR) 
P36 ( R/W ) 
P37 (RAS) 
P40 (CSp) 
P41 (CS1) 



P20 (A16)^ 
P27(A23)/ 



several kQ 



X 



T 



System control bus 



Address Bus (A23~A16) 



Example of the interface circuit (Using bus releasing function) 



The above circuit is necessary to fix the signal level the 
case of the bus is released. 

Resett ing sets RD , WR to out put, P40 P41 , P43, P44 

(CSO, CS 1,CS3, CS4), P32 (HWR). P36 (R/W), P37 (RAS), 
and P35 (BUSAK) to input pull up resistor, P42 (GS2) and P20 
~ 27 (A1 6 ~ 23) to input with pull down resistor. 

The above circuit is necessary to fix the signal level after 
reset because of the external pull up resistor collisions with the 
internal pull down resistor. 



The value of this external pull up resistor must be several 
kQ (The value of the internal pull down resistor is about 50 ~ 
150kQ). 

P20 ~ P27 (A1 6 ~ 23) also needs circuit like P42 (CS2) to 
fix the signal level. 

But for the P20 ~ P27 (A16 ~ 23) which does not have 
the means ("L" is active), add pull down directly like above cir- 
cuit. 
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3.5.1 Port 2 (P20 - P27) 

Port 2 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis using the control register P2CR and function register 
P2FC. Resetting resets all bits of output latch P2, control regis- 
ter P2CR and function register P2FC to 0. It also sets Port 2 to 



input mode and connects a pull-down resistor. To disconnect 
the pull-down resistor, write "1" in the output latch. 

In addition to functioning as a general-purpose I/O port, 
Port 2 also functions as an address bus (AO to 7 and A1 6 to 
23). 



Reset 

zd 

Direction control 
(on bit basis) 



P2CR write 



Function control 
(on bit basis) 



P2FC write 



Output 
latch 



t 

P2 write 



Output buffer 



4>>—|^N-ch 

f Programmable \ 
\ pull-down / 



P2 read 



-n Port 2 
"-^ P20~P27 

(A0-A7/A16--A23) 



Figure 3.5 (1). Port 2 
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Port 2 Register 



P2 

(0006H) 





7 


6 5 4 3 2 : 1 





bit Symbol 


P27 


P26 P25 P24 P23 P22 P21 


P20 


Read/Write 


R/W 


After reset 


Input mode (Output latch register is cleared to "0".) 



Port 2 Control Register 





7 


6 


5 


: 4 ; 3 : 


2 


1 





bit Symbol 


P27C 


P26C 


P25C 


P24C P23C 


P22C 


P21C 


P20C 


Read/Write 


W 


After reset 











■ i : 











Function 


<<See P2FC below. >> 



Port 2 Function Register 



P2FC 
(0009H) 





7 


6 


5 


4 


3 


2 i 


1 





bit Symbol 


P27F 


P26F 


P2SF 


P24F 


P23F P22F 


P21F 


P20F 


Read/Write 


W 


After reset 








1 
















Function 






P2FC/P2CR = 00 


IN, 01 


OUT, 10 


A7-0, 11 : A23-16 







J 



Read-modify-write is 
prohibited for registers 
P2CR and P2FC. 



- Port 2 function setting 



^~^^2FC<P2XF> 
P2CR^<^^ 
<P2XC>^\^ 





1 





Input 


address bus 
(A7-0) 


1 


Output 


address bus 
(A23-16) 



<P2XF> is bit X in register P2FC; <P2XC>; in register P2CR. 
To set as an address bus A23~ 1 6. set P2FC after setting P2CR. 



Figure 3.5 (2). Registers for Port 2 
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3.5.2 Port 3 (P32 - P37) 

Port 3 is a 6-bit general -purpose I/O port. 

I/O is set using control register P3CR and function regis- 
ter P3FC. Resetting resets all bits of output latch P3, control 
register P3CR (bits and 1 are unused), and function register 



P3FC to 0. Resetting sets P32 to P37 to input mode, and 
connects a pull-up resistor. 

In addition to functioning as a general-purpose I/O port, 
Port 3 also functions as an I/O for the CPU's control/status 
signal. 




/ Programmable ^ 

^ DUII-UP ' 



Q P32( HWR) 
P35(BUSAK) 
P36(R/W) 
P37(RAS) 



P3 read 



Figure 3.5 (3). Port 3 (P32, P35, P36, P37) 
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Reset 



Direction 
, control . ^ 
(on bit basis) 



P3CR write 



S 

Output 
latch 



t 

P3 write 



■OH 



Jp-ch( 



Output buffer 



Internal 
WAIT " 



Programmable ^ 
pull-up ' 

□ P33 (WAIT) 



Reset 

± 



Direction 
^ control . ^ 
(on bit basis) 



P3CR write 



Function 
control 
(on bit basis) 



P3FC write 



S 

Output 
latch 



t 

P3 write 



^ ' S VduII-ud / 



V pull-up 



-□ P34 (BUSRQ) 



Internal 
BUSRQ ■ 



P3 read 



Figure 3.5 (4). Port 3 {P33, P34) 
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P3 

(0007H) 



Port 3 Register 





7 ; 6 ; 5 i 4 ; 3 ; 2 


1 





bit Symbol 


P37 P36 P35 P34 P33 P32 




RDPC 


Read/Write 


IVW 






After reset 


Input mode (pulled-up) 




Input mode 


1 ; 1 ; 1 : 1 ; 1 i 1 


1 


1 


1 



Port 3 Control Register 



P3CR 
(OOOAH) 





7 


6 


5 


4 


3 


2 


1 


bit Symbol 


P37C 


P36C 


; P35C 


P34C 


P33C 


P32C 




Read/Write 


W 




After reset 








i 

















: IN 


1 :OUT 










i 



. I/O setting 



Port 3 Function Register 






Input 


1 


Output 



P3FC 
(OOOBH) 







7 


6 


5 


4 


3 


i 2 : 1 





bit Symbol 




P37F 


P36F 


P35F 


P34F 




P32F i"""^ 




Read/Write 


W 


After reset 


















i i 









PORT 


io : PORT 


io : PORT io 


PORT i 




io : PORT i 




Function 


1 


RAS 


h : RAA/ 


il : BUSAi< h 


BUSRQ i 




il:IHWR : 





Read-modi fy-write is 
prohibited for registers 
P3CRand P3FC. 



' BLiSRQ setting 



P3FC<P34F> 


1 


P3CR<P34C> 





BUSAK setting 


P3FC<P35F> 




P3CR <P35C> 




R/W setting 


P3FC<P36F> 




P3CR<P36C> 




RAS setting 


P3FC<P37F> 




P3CR <P37C> 





■ RD function setting 



P3<R0FC> 





1 


Always RD 
output (for 
pseudo SRAM) 


R5 output only 
for external 
access 



P3FC<P32F> 


1 


P3CR<P32C> 


1 



Note) When P33/WAIT pin is used as a WAIT pin, set P3CR<P33C>to '0' 

and bits 3 and 2<Bnw1. Oof Chip Select/WAIT control registerto '010', '100'. '101'. 



Figure 3.5 (5). Registers for Port 3 
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TMP96C081F 
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3.5.3 Port 4 (P40 - P42) 

Port 4 is a 5-bit is a general-purpose I/O port. I/O can be set on 
a bit basis using control register P4CR and function register. 
Resetting does the following: 

• Sets the P40, P41 , P43 and P44 output latch registers to 1 . 

• Resets all bits of the P42 output latch register, the control 
register P4CR, and the function register P4FC to 0. 

• Sets P40, P41 , P43 and P44 to input mode and connects a 
pull-up resistor. 

• Sets P42 to input mode and connects a pull-down resistor. 



To disconnect the resistors, write in the output latch 
(for pull-down). 

In addition to functioning as a general-purpos e I/O port, 
Port 4 also fun cti ons as a chip select output signal (CSO to 
GS4 or CAS0toCAS4). 



MCU900-460 



TLCS-900 16-bit Microcontroller 



TMP96C081F 



Reset 

— < 

Direction 
control 
(on bit basis) 



P4CR write 
] 



Function 
control 
(on bit basis) 



P4FC write 



s 

Output 
latch 



P4 write 



•-I V pull-up / 



Output buffer 



-Q P40 ( CSO/CASO ), 
P41 ( CSI/CATT ) 
P43 (CS3 /CAS3 ) 
P44 (CS4/CA§4) 



P4 read 



Reset 

-i 



Direction 
control 
(on bit basis) 



P4CR write 



Function 
control 
(on bit basis) 



s 

Output 
latch 




A 


o 




B 


<-l 
<u 


P4 write 


r 


Of 




Q P42 (CS2/CAS2) 



/Programmable ^ 
Vpull-down ' 



P4 read 



Figure 3.5 (6). Port 4 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



MCU900-461 



TMP96C081F 



TLCS-900 16-bit Microcontroller 



Port 4 Register 





7 


6 


5 


4 ; 3 ; 2 ; 1 ; 


bit Symbol 








P44 P43 P42 P41 P40 


Read/Write 








R/W 


After reset 








Input mode 








1 (Pull-up) 


1 (Pull-up) 


(Pull-down) 


1 (Pull-up) : 1 (Pull-up) 


Port 4 Control Register 




7 


6 


5 


4 


3 2 


1 


bit Symbol 








P44C 


P43C P42C 


P41C P40C 


Read/Write 








W 


After reset 


























0:IN 1:0UT 



P4 

(OOOCH) 



P4CR 
(OOOEH) 



P4FC 
(OOIOH) 



Port 4 Function Register 



-I/O setting 






Input 


1 


Output 



Read-modify-write is not 
possible for P4CR or P4FC. 





7 6 


5 


4 


3 2 


1 


bit Symbol 






P44F 


P43F P42F 


P41F P40F 


Read/Write 






W 


After reset 


















Function 






: PORT 1 : CS/CAS 












Port(P43) 




1 


CS3/CAS3 









Port(P44) 




1 


CS4/CAS4 






Port(P40) 


1 


CSO/CASO 







Port(P41) 


1 


CST/CAST 







Port(P42) 


1 


CS2/CAS2 



Note : To output chip select signal (CSO/CASO to CS4/CAS4), set the corresponding bits of the 
control register P4CR and the function register P4FC. 

The BOCSL, BICSL, B2CSL, B3CSL and B4CSL registers of the chip select / wait 
controller are used to select the CS/CAS function. 



Figure 3.5 (7). Registers for Port 4 



MCU900-462 



TLCS-900 16-blt Microcontroller 



TMP96C081F 



3.5.6 Port 5 (P50 - P55) 

Port 5 is a 6-bit input port, also used as an analog input pin. 



Port 5 read 



Conversion 
result 
register 



A/D 
converter 



Channel 
selector 



-Q Ports 



P50-P55 
(AN0-AN5) 



Figure 3.5 (8). Port 5 



Port 5 Register 







7 


6 


5 


4 


3 


2 1 





PS 


bit Symbol 






P5S 


P54 


P53 


P52 P51 


P50 


(OOODH) 


Read/Write 






R 




After reset 






Input mode 



Note) The input channel selection of A/D Converter is set by A/D Converter mode register ADMOD2. 



Figure 3.5 (9). Registers for Port 5 
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3.5.5 Port 6 (P60 - P67) 

Port 6 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis. Resetting sets Port 6 as an input port. It also sets all 
bits of the output latch to 1 . In addition to functioning as a gen- 
eral-purpose I/O port, Port 6 also functions as a pattern gener- 



ator PG0/PG1 output/ PGO is assigned to P60 to P63; PG1 , to 
P64 to P67. Writing 1 in the corresponding bit of the port 6 
function register (P6FC) enables PG output. Resetting resets 
the function register P6FC value to 0, and sets all bits to ports. 



PGO. 1 - 



Direction control 
(on bit basis) 



Function control 
(on bit basis) 




- I I Port 6 



P60-P67 
{PG00~PG13) 



Figure 3.5 (10). Port 6 



MCU900-464 
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Port 6 Register 





7 


6 


5 


4 3 


2 


1 





bit Symbol 


P67 


P66 


P65 


P64 P63 


P62 


P61 


P60 


Read/Write 


WW 


After reset 


Input mode (Output latch register sets to " 1 ") 


1 ; 1 i 1 


1 1 


1 1 1 1 1 


Port 6 Control Register 




7 


6 


5 


4 3 


2 


1 





bit Symbol 


P67C 


P66C 


'■. P65C 


P64C P63C 


P62C ; 


P61C 


P60C 


ReadA/Vrite 


W 


After reset 























Function 









IN 1 : OUT 







Port 6 I/O setting 






Input 


1 


Output 



Port 6 Function Register 





7 


6 


5:4: 


3 


2 


1 


bit Symbol 


P67F 


P66F 


P65F P64F 


P63F 


P62F 


P61F P60F 


Read/Write 






W 








After reset 





i 


i ; 










Function 





PORT 


1 : PGl-OUT 





PORT 


1 : PGO-OUT 







Read-modify-write is 
prohibited for registers 
peCRand P6FC. 



► Port 6 function setting 



General-purpose port 



Stepping motor control / Pattern 
generation port 



Figure 3.5 (11). Registers for Port 6 
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3.5.6 Port 7 (P70 - P73) 

Port 7 is a 4-bit general-purpose I/O port. I/O can be set on bit 
basis. Resetting sets Port 7 as an input port. In addition to 
functioning as a general-purpose I/O port, Port 70 also func- 
tions as an input clock pin TIO; Port 71 as an 8-bit timer output 



(T01), Port 72 as a PWMO output (702), and Port 73 as a 
PWM1 output (T03) pin. Writing 1 in the corresponding bit of 
the Port 7 function register (P7FC) enables output of the timer. 
Resetting resets the function register P7FC value to 0, and sets 
all bits to ports. 



3^ 



Direction control 
(on bit basis) 



Output latch 



— r~ 

P7 write 



S B 

Selector 
A 



^ (TIO) 



/T01 : Timer 1 
( T02 : Timer 2 
Vt03 : Timers 



Direction control 
(on bit basis) 



P7CR write 

ZZi 



Function control 
(on bit basis) 



P7FC w rite 

ZZi 



Output latch 



— r~ 

P7 write 



A S 
Selector 
B 



B 

Selector 
S A 



-Q P71-P73 
(T01~T03) 



Figure 3.5 (12). Port 7 



MCU900-466 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-blt Microcontroller 



TMP96C081F 



P7 
(0013H) 



Port 7 Register 



P7CR 
(0015H) 



P7FC 
(0017H) 



Read-modi fy-write is 
prohibited for registers 
P7CR and P7FC. 





7 6 


5 


4 


3 ; 2 ; 1 ; 


bit Symbol 








P73 P72 P71 P70 


ReadA/Vrite 








R/W 


After reset 








Input mode (Output latch register sets to " 1 ") 








1 


1 


1 


1 


Port 7 Control Register 




7 6 


5 


4 


3 2 


1 


bit Symbol 








P73C P72C 


P71C P70C 


ReadA/Vrite 








W 


After reset 




















Function 








: IN 1 : OUT 



► Port 7 I/O setting 



Port 7 Function Register 






input 


1 


Output 





7 


6 


5 


4 


3 : 2 ; 1 





bit Symbol 










P73F P72F P71F 




ReadA/Vrite 










W 




After reset 





















Function 










: PORT 

1 :T03 


: PORT 

1 :T02 


: PORT 
1 : T01 





I ^ Setting P71 asTOI 



P7FC<P71F> 




P7CR<P71C> 




Setting P72d$T02 


P7FC<P72F> 




P7CR<P72C> 




Setting P73 as T03 


P7FC<P73F> 




P7CR <P73C> 





Note) P70^I0 pin does not have a register changing PORT/FUNCTION. 
For example, when it is used as an input port (P70), the input 
signal for P70 is inputted to 8 bit Timer as a timer input O(TIO). 



Figure 3.5 (13). Registers for Port 7 
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3.5.7 Port 8 (P80 - P87) 

Port 8 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis. Resetting sets Port 8 as an input port. It also sets all 
bits of the output latch register P8 to 1 . In addition to function- 
ing as a general-purpose I/O port, Port 8 also functions as an 



input for 1 6-bit timer 4 and 5 clocks, an output for 1 6-bit tinner 
F/F 4, 5, and 6 output, and an input for INTO. Writing 1 in the 
corresponding bit of the Port 8 function register (P8FC) 
enables those functions. Resetting resets the function register 
P8FC value to 0, and sets all bits to ports. 



(1) P80~P86 



TI4. TI5 
TI6,TI7 



Timer F/F OUT 



AOA : Timer 4 
I T05 : Timer 5 
Vt06 : Timer 6 



Direction control 
(on bit basis) 



Output latch 

1 

P8 write 

<h- 



S B 
Selector 

A 



Reset 



Direction control 
(on bit basis) 



Function control 
(on bit basis) 



Output latch 
? 



A S 
Selector 
B 



B 

Selector 
S A 



-o: 



P80(TI4/INT4) 
P81 (TI5/INT5) 
P84 (TI6/INT6) 
P85 (TI7/INT7) 



-o 



P82 (T04) 
P83 (T05) 
P86 (T06) 



MCU900-468 



Figure 3.5 (14). Port 8 {P80 - P86) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C081F 



(2) P87 (INTO) 



Port 87 is a general-purpose I/O port, and also used 
as an INTO pin for external interrupt request input. 



Direction 
control (on 
bit basis) 



P8CR w rite 



Output latch 



1 

P8 write 



S3- 



S B 
Selector 
A 



-Q P87{INT0) 



Level/edge 
detect 



IIMC<IOIE> ||MC<IOLE> 



Figure 3.5 (15). Port 87 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



MCU900-469 



TMP96C081F 



TLCS-900 16-bit Microcontroller 



P8 
(0018H) 



Port 8 Register 



P8CR 
(001AH) 



Port 8 Function Register 



P8FC 
(001CH) 



Read-modify-write is 
prohibited for registers 
P8CR and P8FC. 





7 


6 


5 


i 4 i 3 i 2 


1 





bit Symbol 


P87 


P86 


P85 


P84 P83 P82 


P81 


P80 


Read/Write 


RArt/ 


After reset 


Input mode (Output latch register sets to " 1 ") 


1 


1 i 1 


1 i 1 : 1 


1 


1 


Port 8 Control Register 




7 


6 


5 


4 i 3 2 


1 


bit Symbol 


P87C 


P86C 


P85C 


P84C P83C P82C 


P81C 


P80C 


Read/Write 








W 






After reset 











; i 








Function 






: IN 


1 :OUT 







J 



, Port 8 I/O setting 



Input 



Output 





7 


6 


5 


4 


3 2 


1 





bit Symbol 




P86F 






P83F P82F 






Read/Write 




W 






W 


W 






After reset 





















Function 




: PORT 
1 :T06 






: PORT 
1 :T05 


: PORT 
1 :T04 







' Setting P82 asT04 



P8FC<P82F> 




P8CR<P82C> 




Setting P83 as TOS 


P8FC<P83F> 




P8CR<P83C> 




Setting P84 asT06 


P8FC <P86F> 




P8CR <P86C> 





Note) P80/TI4, P81/TI5, P84/TI6, PBSm? pins do not have aregister changing PORT/FUNCTION. 
Therefore this is the same as P70/TI0 pin. 

When P87/INT0 pin Is used as an INTO pin. set P8CR<P87C>to '0' and IIMC<IOIE>to'1'. 



Figure 3.5 (16). Registers for Port 8 



MCU900-470 
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3.5.8 Port 9 (P90 - P95) 

Port 9 is a 6-bit general-purpose I/O port. I/O can be set on bit 
basis. 

Resetting sets Port 9 to an input port. 

It also sets all bits of the output latch register to 1 . 

In addition to functioning as a general-purpose I/O port, 
Port 9 can also function as an I/O for serial channels and 1 . 
Writing 1 in the corresponding bit of the port 9 function register 
(P9FC) enables is function. 



Resetting resets the function register value to 0, and sets 
all bits to ports. 

(1) P80~P86(TXD0/TXD1) 

Ports 90 and 93 also function as serial channel TXD 

output pins in addition to I/O ports. 

They have a programmable open drain function. 



Direction control 
(on bit basis) 



P9CR write 

Z3 



Function control 
(on bit basis) 



Output latch 



— T" 

P9 write 



A S 
Selector 



S B 
Selector 



I — 



ip-ch 



Open drain 
possible 
ODE<ODE1.0> 



/ Programmable j 
\^ pull-up J 

— ri P90(TXD0) 
P93 (TXD1) 



Figure 3.5 (17). Ports 90 and 93 
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(2) Ports 91 and94(RXD0, 1) 



Ports 91 and 94 are I/O ports, and also used as RXD 
input pins for serial channels. 



Reset 

11 



Direction 
control 
(on bit basis) 



Output latch 

} 

P9 write 

— <}- 



S [ 
Selector 
A 



-1> 



-□ P91 (RXDO) 
P94 (RXDl) 



Figure 3.5 (18). Ports 91 and 94 



(3) Port92(CTS/SCLK0) 



Port 92 is an I/O port, and also used as GTS Input pins 
for serial channels. 









Direction 
control 
(on bit basis) 






1 

P9CR write 






Function 
control 
(on bit basis) 






P9FC write 



Output latch 



P9 write 



P9read 
CTS 



A S 
Selector 
B 



5 E 
Selector 



-c> 



-Q P92 (CTS/SCLKO) 



Figure 3.5 (19). Port 92 



MCU900-472 
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(4) Port95(SCLK1) 



Port 95 is a general-purpose I/O port. It is also used as 
an SCLK I/O pin for serial channel 1 . 



Direction 
control 
(on bit basis) 



Function 
control 
(on bit basis) 



Output latch 



— r~ 

P9 write 



5 B 



-□ P95(SCLK1) 



Figure 3.5 (20). Port 95 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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Port 9 Register 





7 


6 


5 ; 4 ; 3 i 2 ! 1 jo 


bit Symbol 






P95 P94 P93 P92 P91 P90 


Read/Write 






R/W 


After reset 






Input mode (Output latch register sets to " 1 ") 






1 i 1 i 1 1 1 i 1 1 1 



Port 9 Control Register 





7 


6 


5 i 4 ; 3 i 2 


1 


bit Symbol 






P9SC P94C i P93C ! P92C 


P91C P90C 


ReadA/Vrite 






W 


After reset 






1 i i 





Function 






: IN 1 : OUT 




1 



Port9f/0 setting 






Input 


1 


Output 



Port 9 Function Register 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 






P95F 




P93F 


P92F 




P90F 


Read/Write 






W 




W 


W 




W 


After reset 






















Function 






: PORT 
1 : SCLKI 




: PORT 
1 :TxD1 


: PORT 
1 : SCLKO 




: PORT 
1 : TxDO 



7 



P90 TxDO output setting (Note) 



P9FC<P90F> 


1 


P9CR <P90C> 


1 



P92 SCLKO output setting 



P9FC<P92F> 


1 


P9CR <P92C> 


1 



P93 TxDI output setting (Note) 



P9FC<P93F> 


1 


P9CR<P93C> 


1 



P95 SCLKI output setting 



P9FC<P95F> 


1 


P9CR <P95C> 


1 



Note : To set the TxD pin to open drain, write 1 in bit (for TxDO pin) or bit 1 (forTxDl pin) of the 
ODE register. 

P91/RXD0, P94/RXD1 pins do not have a register changing PORT/FUNCTION. 
Therefore this is the same as P70/TI0 pin. 



Figure 3.7 (21). Registers for Port 9 



MCU900-474 
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3.5.9 PortA(PA0-PA7) 

Port A is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis. Resetting sets Port A as an input port. It also sets all 
bits of the output latch register PA to 1 . In addition to function- 
ing as a general-purp ose I/O port, Port A also functions as an 
I/O for DREQ/DACK of DMAC. Writing "1 " in the correspond- 
ing bit of the Port A function register (PAFC) enables those 
functions. Resetting resets the function register PAFC value to 
"0", and sets all bits to ports. 



(1 ) Port AO , A2, A4, A6 (DREQO, DREQ1 , DREQ2. 
DREQ3) 



Ports A0//\2/A4 and A6 also function as DREG input 
pins of DMAC in addition to I/O ports. 



Direction 
control 
(on bit basis) 



Output latch 

f 

PA write 



OREQO, 0REQ1 
0REQ2. 0REQ3 



S G 
Selector 



{> 



-□ PAO (DRE 
PA2(e~~ 




Figure 3.5 (22). Ports AO, A2, A4, A6 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



MCU900-475 



TMP96C081F 
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(2) Port A1 , A3, A5, A7 (DACKO, DACK1 , DACK2, 
DACK3) 



Ports A1 , A3, A5 and A7 also function as DACK output 
pins of DIVIAC in addition to I/O ports. 



DACKO, DACKT 
DACK2.DACtC3 









Direction 
control 
(on bit basis) 






PACR write 






Function 
control 
(on bit basis) 






+ 

PAFC write 



Output latch 
? 



B 

Selector 
S A 



-Q PA1 (DACKO) 
PA3 (DACK1) 
PAS (DACK2) 
PA7 (DACK3) 



Figure 3.5 (23). Ports A1, A3, A5, A7 



MCU900-476 



TLCS-900 16-bit Microcontroller 



TMP96C081F 



Port A Register 





? 7 


6 


i 5 ; 4 i 3 : 2 i 


1 





bit Symbol 


PA7 


pa6 


i PAS 1 PA4 ; PA3 i PA2 ; 


PAT 


PAO 


Read/Write 


RW 


After reset 


Input mode (Output latch register sets to "1 ") 


1 i 1 1 1 i 1 1 1 i 1 : 1 1 1 



Port A Control Register 





7 


6 


5 


4 


3 


2 


1 


bit Symbol 


PA7C 


PA6C 


; PA5C 


PA4C 


: PA3C 


PA2C 


PA1C 


PAOC 


Read/Write 


W 


After reset 

























Function 







IN 


1 


:OUT 













I/O setteing 






Input 


1 


Output 



Port A Fuction Register 





7 16 15:4 


3 12:1 





bit Symbol 


PA7F PA7F PA7F PA4F 


PA3F PA2F PA IF 


PAOF 


Read/Write 


W 




After reset 


























Function 


: PORT 
1 : DACKB 


: PORT 
1 : 0REQ3 


: PORT 
1 : DACK2 


: PORT 
1 :DREQ2 


: PORT 
1 : DACK1 


: PORT 

1 :DRK5T 


: PORT 
1 : DACKO 


: PORT 
1 :5RE^ 



Setting PAO. A2, A4 and A6 as DREQ pins. 



PAFC <PA0F><PA2F><PA4F><PA6F> 


1 


PACR < PAOC >< PA2C >< PA4C > < PA6C > 






Setting PAl, A3, AS and A7 as PACK pins 



PAFC <PA1F><PA3F><PA5F><PA7F> 


1 


PACR <PA1C><PA3C><PA5C><PA7C> 


1 



Note: Read-modify- write is prohibited for registers PACR and PAFC. 



Figure 3.5 (24). Registers for Port A 
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3.5.10 Port B (PBO - PB4) (1) Port B1 (EOP) 

Port B is a 5-bit general-purpose I/O port. I/O can be set on bit 

basis. Resetting sets Port B as an input port. It also sets all bits Port B1 also functions as EOP input pin of DMAC in 

of the output latch register PB to 1 . In addition to functioning addition to I/O port. 

as a general-purpose I/O port, Port B also functions as TO, 
EOP, etc., of DMA. Writing "1 " in the corresponding bit of the 
Port B function register (PBFC) enables those functions. Reset- 
ting resets the function register PBFC value to "0", and sets all 
bits to ports. 



Direction 
control 
<on bit basis) 



Output latch 

— f — 



-<1- 



EOP 



S B 
Selector 



-Q PBl (EOP) 



Figure 3.5 (25). Port B1 
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(2) Port BO, B2, 83, 84 (AEN, TC. lORD. lOWR) lORD and lOWR pins of DMAC in addition to I/O ports. 

Ports 80, 82, 83 and 84 also functions as AEN, TC, 



Direction 
control 
(on bit basis) 

« 

CR write 



Function 
control 
(on bit basis) 

1 

FC wr ite 



AC. TC 
lORO, lOWR 



Output Jatch 
1 



A S 
Selector 
B 



-£>- 



PBO (AEN) 
PB2 ( TC) 

PB3 (i6m) 

PB4(R5WR) 



B-" 

Selector 
S A- 



Figure 3.5 (26). Ports BO, B2, 83, B4 
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Ports Register 





7 


6 


5 


4 


3 


2 ; 1 





bit Symbol 




PB4 


PBS 


PB2 PB1 


PBO 


Read/Write 




R/W 


After reset 






nput mode (Output latch register set to " 


!■) 




1 1 


1 i 1 i 1 


PortB Control Register 




7 


6 


5 


4 


3 


2 1 





bit Symbol 








PB4C 


PB3C 


PB2C PB1C 


PBOC 


Read/Write 


W 


After reset 
















Function 






0: IN 1 


:OUT 



I/O setting 






Input 


1 


Output 



PortB Function Register 





7 


6 


5 


4 


3:2:1:0 


bit Symbol 








PB4F 


PB3F PB2F PB1F PBOF 


Read/Write 








W 


After reset 























Function 








: PORT 
1 : lOWR 


: PORT 
1 : lORD 


: PORT 
1 :TC 


: PORT 
1 : EOP 


: PORT 

1 : AEN 



Setting PB1 as EOP pin. 



PBFC<PB1F> 


1 


PBCR <PB1C> 






Setting PBO. B2. B3 and B4 as AEN. TC. lORD and lOWR pins. 



PBFC <PB0F><PB2F><PB3F><PB4F> 


1 


PBCR <PB0C><PB2C><PB3C><PB4C> 


1 



Figure 3.5 (27). Port B Register 
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3.6 Chip Select/Wait Control, AM8/16 pin 

The TMP96C081 F has a b uilt-in c hip se lect/wait c ontroll er 
used to control chip select (CSO - CS4 pins), wait (WAIT pin), 
and data bus size (8 or 1 6 bits) for any of the five block 

address areas. 

And there is an AM8/1 6 which selects external data 
width for TMP96C081. 

3.6.1 AM8/T6 pin 

(1) (1 -1) 16-bit bus width internalized with 8 bit width or fixed 
16 bit bus 

Set this pin to "0". Then AD8 - 1 5 or A8 - 1 5 are fixed 
to AD8 - 1 5 function compulsorily. 
The bus width when the CPU accesses an external 
area is set by Chip Select/Wait Control Register 
described at 3.6.2. 

However, the bus width of program memory only after 
reset must be 1 6 bit bus width in this case. 

(1-2) Fixed 8-bit bus width 

Set this pin to "1 ". Then AD8 - 1 5 or A8 - 1 5 function 
compulsorily 

The value of bit 4: <BOBUS>, <B1 BUS>, <B2BUS>, 
<B3BUS> or <B4BUS> described at 3.6.2 are 
ignored and the bus width is fixed to 8 bit. 

3.6.2 Control Registers 

Table 3.6 (1) shows control registers 

One block address areas are controlled by 1 -byte CS/ 
WAIT control register (BOCSL to B4CSL and BOCSH and 
B4CSH). These registers can be written to only when the CPU 
is in system mode. 

(1) Enable 

Control register bit 7 <BOE to B3E> is a master bit 
used to specify enable ("1")/disable ("0") of the setting. 
Resetting sets BOE, B1 E, B3E and B4E to disable ("0") 
and B2E to enable ("1"). 

(2) System only specification 

Control register bit 7 (BOSYS, B1SYS, B2SYS, and 
B4E> is used to specify enable/disable of the setting 
depending on the CPU operating mode (system or nor- 
mal). SettliTci^this bit to enables setting (Address 
space for CS, Wait state, Bus size, etc.) regardless of 
the CPU operating mode; setting it to 1 enables setting 
in system mode but disables setting in normal mode. 
Resetting clears bit 6 to 0. 
Bit 6 is mainly used when external memory data 
should not be accessed in normal mode (i.e., for sys- 
tem mode only memory data for the operating system). 



(3) CS/CAS Waveform select 

Control register bit 5 (BOCAS to B4CAS) is used to 
specify waveform mode output from the chip select pin 
(CS0/CAS0-CS4/CAS4). Setting this bit to sp ecifies 
C SO to C S4 waveforms; setting it to 1 specifies CASO 
to CAS4 waveforms. 
Resetting clears bit 5 to 0. 

(4) Data bus width select 

Bit 4 (BOBUS to B4BUS) of the control register is used 
to specify data bus size. Setting this bit to accesses 
in the memory in 1 6-bit data bus mode; setting it to 
"1 memory is accessed in 8-bit data bus mode. 
Changing data bus depending on the access address 
is called dynamic bus sizing. Table 3.6 (2) shows the 
details of the bus operation. 
This bit is changed by the state of AM8/1 6 pin. 

(5) Wait control 

Control register bits 2 to (B0W2, 1 , to B4W2, 1 , 0) are 
used to specify the number of waits. Setting th ese b its 
to 01 inserts a 1 -state wait and samples the WAIT pin 
status. If the pin is low, inserting the wait maintains the 
bus cycle until the pin goes to high. Setting these bits 
to 100 or 101 in serts a 0-2-state wait 0-1 -state wait 
according to the WAIT pin status. 
Resetting sets these bits to 000 (2-state wait mode). 



(6) Address area specification 

Bits 3 to in the BOCSH to B4CSH control register are 
used to specific the corresponding address areas. If 
0000 is set in those four bits (same value after reset), 
the setting is enable and l ow strobe s ig nal is outpu t 
from the chip select pins (CSO/CASO to CS4/CS4) 
when the follow ing address are accessed; 7F00H to 
7FFFH by CSO, 0080H to 7F00H to 7FFFH by CS1 
and 8000H to 3FFFFFH by CS2. If other than 0000 is 
set in those four bits, the chip select pin conripares the 
setting with that in A23 to A20. If the setting match, the 
chip select pin outputs a low strobe signal. Bit 7 to 4 
are used to mask bits 3 to 0. Setting 1 in the four bits 
compares address A23 to A20 with the masked 
address bits and detects match. Setting 1 in the four 
bits determines match regardless of setting. 
Unlike CSO to CS2, CS3 and CS4 do not have an 
address area assigned in advance after reset. Thus 
address area of 1 M byte can be freely set using 
B3CSH or B4CSH. 
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XI 
CLK 
ALE 
ADo~AD7 
A8~-A22 
RD/WR 
CSO-3 



r 

c 
r 



Figure 3.6 (1). Chip select (CSO - CS4) 



A0~A23 



|B3M3|B3IVI2|B3M1 |B3M0| 
63CSH (upper 4 bits) 



I B3A3 I B3A2 | B3A1 | B3A0 | 
B3CSH (lower 4 bits) 



Figure 3.6 (2). CS3 Address Decoder Block Diagram 
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Table 3.6 (3) Chip Select/Wait Control Register (1/2) 



Code 


Name 


Address 


87 


B6 


B5 


B4 


83 


82 


81 


80 


BOCSL 


BlockO 

CS/WAIT 

Control 

Register 

Low 


68H 


BOE 


BOSYS 


BOCAS 


BOBUS 




B0W2 


B0W1 


BOWO 


W 


W 


W 


W 




W 


W 


W 


_ — 2 — 





















CS/CAS 
Enable 


~1 — ~ 

System 
only 


0:CSO 
1:CAS0 


0: 16bit 
Bus 

1 :8bit 
Bus 




Wait Con 
000 
001 
010 
Oil 
100 
101 
110 
111 


rol 

2 Wait 
1 Wait 
1 Wait ♦ n 
OWait 
0-2 Wait 
0-1 Wait 
Reserved 
Reserved 


BOCSH 


BlockO 

CS/WAIT 

Control 

Register 

High 


69H 


B0M3 


BOM 2 


B0M1 


BOMO 


B0A3 


B0A2 


B0A1 


BOAO 


W 


W 


W 


W 


W 


W 


W 


W 


























Address {A23--A20) Mask Set 
: Non-Mask 
1 : Mask 


Address (A23~A20) Comparison 
0000 : 7F00H~7FFFH 
other : Compare A23-A20 


B1CSL 


Block 1 

CS/WAIT 

Control 

Register 

Low 


6AH 


B1E 


B1SYS 


B1CAS 


B1BUS 




B1W2 


B1W1 


B1W0 


W 


W 


W 


W 




W 


W 


W 

























1: 

CS/CAS 
Enable 


1: 

System 
only 


0:CS1 
1:CAS1 


0:16bit 
Bus 

1:8bit 
Bus 




WaitCont 
000: 
001 : 
010: 
Oil : 
100: 
101 : 
110: 
111 : 


rol 

2 Wait 
1 Wait 
1 Wait + n 
OWait 
0-2 Wait 
0-1 Wait 
Reserved 
Reserved 


B1CSH 


Blockl 

CS/WAIT 

Control 

Register 

High 


6BH 


B1M3 


B1M2 


B1M1 


B1M0 


81 A3 


B1A2 


B1A1 


B1A0 


W 


W 


W 


W 


W 


W 


W 


W 


























Address (A23-A20) Mask Set 
: Non-Mask 
1 -. Mask 


Address (A23~A20) Comparison 
0000 : 0080H-7FFFH 
other : Compare A23-A20 


B2CSL 


Biock2 

CS/WAIT 

Control 

Register 

Low 


6CH 


B2E 


B2SYS 


B2CAS 


B2BUS 




B2W2 


B2W1 


B2W0 


W 


W 


W 


W 




W 


W 


W 


^ ^ ^1 






















tt ' 

CS/CAS 

Enable 


1: 

System 
only 


0:CS2 
1:CAS2 


0:l6bit 
Bus 

1:8bit 
Bus 




Wait Cont 
000: 
001 : 
010: 
Oil : 
100: 
101 : 
110: 
111 : 


rol 

2 Wait 
1 Wait 
1 Wait + n 
OWait 
0-2 Wait 
0-1 Wait 
Reserved 
Reserved 


B2CSH 


Block2 

CS/WAIT 

Control 

Register 

High 




B2M3 


B2M2 


B2M1 


B2M0 


B2A3 


B2A2 


B2A1 


B2A0 




W 


W 


W 


W 


W 


W 


W 


W 


60H 




























Address (A23~A20) Mask Set 
: Non-Mask 
1 : Mask 


Address (A23~A20) Comparison 
0000 : 8000H--3FFFFFH 
other : Compare A23~A20 
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Table 3.6 (3) Chip Select/Wait Control Register (2/2) 



Code 


Name 


Address 


B7 


B6 


B5 


B4 


B3 


B2 


B1 


BO 


B3CSL 


Blocks 

CS/WAIT 

Control 

Register 

Low 


6EH 


BSE 


B3SYS 


B3CAS 


B3BUS 




B3W2 


B3W1 


B3W0 


W 


W 


W 


W 




W 


W 


W 

























1: 

CS/CAS 
Enable 


1: 

System 
only 


0:CS3 
1:CAS3 


0:16bit 

Bus 
1:8bit 




Wait Control 

000 : 2 Wait 
001 ; 1 Wait 
010: 1Wait4-n 
Oil: OWait 
100: 0-2 Wait 
101: 0-1 Wait 
110: Reserved 
111: Reserved 


B3CSH 


Blocks 

CS/WAIT 

Control 

Register 

High 


6FH 


BSM3 


B3M2 


B3M1 


B3M0 


B3A3 


B3A2 


B3A1 


B3A0 


W 


W 


W 


W 


W 


W 


W 


W 


























Address (A23~A20) Mask Set 
: Non-Mask 
1 : Mask 


Address (A23''A20) Comparison 

0000 : Address areas are not specified 
other : Compare A23~A20 


B4CSL 


Block4 

CS/WAIT 

Control 

Register 

Low 


4AH 


B4E 


B4SYS 


B4CAS 


B4BUS 




B4W2 


B4W1 


B4W0 


W 


W 


W 


W 




W 


W 


W 

























1: 

CS/CAS 
Enable 


1: 

System 
only 


0:CS4 
1:CAS4 


0:16bit 
Bus 

1:8bit 
Bus 




Wait Control 

000 : 2 Wait 
001 : 1 Wait 
010: IWait + n 
Oil: OWait 
100: 0-2 Wait 
101: 0-1 Wait 
110: Reserved 
111: Reserved 


B4CSH 


Block4 

CS/WAIT 

Control 

Register 

High 


4BH 


B4M3 


B4M2 


B4M1 


B4M0 


B4A3 


B4A2 


B4A1 


B4A0 


W 


W 


W 


W 


W 


W 


W 


W 


























Address (A23~A20) Mask Set 
: Non-Mask 
1 : Mask 


Address (A23~A20) Comparison 

0000 : Address areas are not specified 
other : Compare A23~A20 



Note : Only block 2 is enable the CS/CAS after reset. 



Table 3,6 (4) Dynamic Bus Sizing 



Operand 


Operand 


Memory 


CPU Address 


CPU Data 


Data Size 


Start Address 


Data Size 


D15 - D8 


D7-D0 


8 bits 


2n + 


8 bits 


2n + 


xxxxx 


b7-b0 


(even number) 


16 bits 


2n + 


xxxxx 


b7-b0 




2n + 1 
(odd number) 


8 bits 


2n-Hl 


xxxxx 


b7-b0 




16 bits 


2n + 1 


b7-b0 


xxxxx 






8 bits 


2n + 


xxxxx 


b7-b0 




2n + 


2n + 1 


xxxxx 


b15-b8 




(even number) 


16 bits 


2n + 


b15-b8 


b7-b0 


16 bits 




8 bits 


2n + 1 


xxxxx 


b7-b0 




2n + 1 
(odd number) 


2n + 2 


xxxxx 


b15-b8 




16 bits 


2n + 1 


b7-b0 


xxxxx 






2n + 2 


xxxxx 


b15-b8 








2n + 


xxxxx 


b7- bO 








2n + 1 


xxxxx 


b15- b8 




2n + 
(even number) 


8 bits 


2n + 2 


xxxxx 


b23-b16 






2n + 3 


xxxxx 


b31 - b24 




16 bits 


2n + 


b15-b8 


b7- bO 


32 bits 




2n + 2 


b31 - b24 


b23-b16 






2n + 1 
2n + 2 


xxxxx 
xxxxx 


b7- bO 
b15- b8 




2n + 1 
(odd number) 


8 bits 


2n + 3 


xxxxx 


b23-b16 






2n + 4 


xxxxx 


b31-b24 






2n + 1 


b7-b0 


xxxxx 






16 bits 


2n-h2 


b23-b16 


b15- b8 






2n + 4 


xxxxx 


b31-b24 



xxxxx; During a read, data input to the bus is ignored. At write, the bus is at high Impedance and the write strobe signal remains non-active. 
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3.6.3 Chip Select Image 

Address areas from 01 OOH to FFFFFFH can be specified for 
1iVI, 2M.4M, 8M, 16M bytes. 

The chip select controller compares an address on a bus 
and values of bit 3 to of BOCSH to B4CSH at every cycle. 
When the values of bit 3 to are "0(X)0", the chip select con- 
troller compares the address and the address value which has 
already been defined to each block. 

If the result of the comparison matches, the specified 
address area is assumed to be accesse d. If c ha nnels BOE to 
84 E are set to enable, a chip select pin (CSO to CS4) corre- 
sponding to these channels outputs a low strobe signal. 

When comparing addresses, a compared result of a par- 
ticular address can be ignored by setting the values of bit 7 to 
4 of BOCSH to B4CSH. Consequently and address area size 
can be specified. 



An image of the actual chip select is shown below. After 
reset (when bits 3 to of BOCSH to B4CSH set 0000), 7F00H 
to 7FFFH is specified for CSO; 0080H to 7FFFH, for CS1 ; 
8000H to 3FFFFFFH, for CS2. 

The reason is that a device other than ROM (i.e., RAM or 
I/O) might be connected externally 

The addresses 7F00H to 7FFFH (256 bytes) for CSO are 
mapped mainly for possible expansions to external I/O. 

The addresses 01 OOH to 7FFFH (approx. 32K bytes) for 
CS1 are mapped there mainly for possible extensions to 
external RAM. 

The addresses 8000H to 3FFFFFFH (approx. 4M bytes) 
for CS2 are mapped mainly for possible extensions to external 
ROM. After reset, CS2 is enable in 16-bit bus and 2-wait. The 
program is externally read at address. 

The address 8000H in this setting (16-bit bus, 2-wait). (If 
AM8/1 6 pin is "1 ", CS2 is enable in 8-bit bus.) 



CSO 



CS1 



CS2 



CSS 



CS4 



OOOOOOH 
7F00H 
8000H 



OFFFFFFH 





(Mainly for I/O) (Mainly for RAM) (Mainly for ROM) 



Note 1 : Access priority is built-in I /O th en the c hip select controller. 

Note 2: External areas other than CSO to CS4 are accessed in 1 6-bit data bus (0 wait) mode. 

When usin g the chip select/wait controller and specifying the sanne addr ess area more than onc e, the priority is CSO, CS1, CS2, 
CSS, CSS, and CS4. (Howev er, wh en address 7F00H to 7FFFH for CSO and 1 0OH to 7FFFH for CS1 are specified, in other words, 
specification overlap, only the CSO setting pin is active.) 



Note S: When the bus is released (BUSAK = "0"), CSO - CS4 pins are also (the output buffer is OFF). 

Refer to L Note about the bus release 1 in S.5 Function of Ports about the state of pins. 



Table 3.6 (5) Specified the address areas of B3CSH 



B3CSH 


Specified tlie Address Areas 


Area Size 


0000 




0001 


lOOOOOH-IFFFFFH 


1 MBytes 


0001 




0011 


200000H~3FFFFFH 


2M Bytes 


0011 




0111 


400000H~7FFFFFH 


4M Bytes 


0111 




1000 


800000H~FFFFFH 


8M Bytes 


1111 




1000 


100H~1FFFFFH 


16M Bytes 
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3.6.4 Example of Usage 

Figure 3.6 (6) is an example in which an external nnemory is 
connected to the TMP96C081 R In this example, a ROM is 



connected using 16 bit Bus; a RAM and an I/O are connected 
using 8 bit Bus. 



TMP96C081F 



cso 

CS1 
CS2 
ALE 
ADS 

S 

AD15 

ADO 

S 

AD7 
RD 



Upper byte 
„ ROM 



mi: 



cs 

Lower byte 
ROM 



^^8 bit Bus 
_ _RAM 



7T 



cs 

8 bit Bus 

I/O 



Figure 3.6 (6). Example of External Memory Connection (ROM = 16 bits, RAM and I/O = 8 bits) 
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Resetting sets pins CSO, CS1 , CS2, C$3 to CS4 to 
input port mode. CSO, CS1 , CS3, and CS4 are set high due 
to an internal pull-up resistor; CS2, low due to an internal 



pull-down resistor. The program used to set these pins is as 
follows: 



P4CR 


EQU 


OEH 


P4FC 


EQU 


10H 


BOCSL 


EQU 


68H 


B1CSL 


EQU 


6AH 


B2CSL 


EQU 


6CH 


LD 


(BOCS). 


0090H 


LD 


(B1CS), 


0093H 


LD 


(B2CS). 


0081 H 


LD 


(P4CR). 


07H 


LD 


(P4FC), 


07H 



CSO= 8bits.2WAIT,7F00H~7FFFH 
CS1= 8bits.0WAIT.0080H~7FFFH 
CS2 = 16 bits. 1 WAIT. 8000H ~ 3FFFFFH 

CSO. CST, CS2 output mode setting 



(2) Example Usage-2 

Figure 3.6 (7) is an example in which an external memory is 



connected to the TMP96C081 F. In this example, a ROM, a 
RAM, and I/O are connected using 8 bit Bus. 



TMP96C081F 



CSO 
CSl 
CS2 
ALE 
A8 

s 

A15 
ADO 

s 

AD7 
AM8/16_ 
RD 
WR 



0- 



Address Bus 



ni: 



8 bit Bus 
ROM 



8 bit Bus 
_ RAM 



8 bit Bus 

. .._i/o 
; WE 



TV 



Figure 3.6 (7). Example of External Memory Connection (ROM and RAM and I/O = 8bits) 
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Resetting sets pins CSO, CS1 , C$2, CS3 and CS4 to 
input port nnode. CSO, CS1 , CS3, a nd CS4 are set high due 
to an internal pull-up resistor; CS2, low due to an internal 



pull-down resistor. The program used to set these pins is as 
follows: 



P4CR 


EQU 


OEH 


P4FC 


EQU 


lOH 


BOCSL 


EQU 


68H 


BOCSH 


EQU 


69H 


BICSL 


EQU 


6AH 


BICSH 


EQU 


6BH 


BICSL 


EQU 


6CH 


B2CSH 


EQU 


60H 


LD 


(BOCSL). 


IXOIOOOOB 


LD 


(BOCSH). 


OOOOOOOOB 


LD 


(BICSL). 


IXOIOOIIB 


LD 


(BICSH). 


OOOOOOOOB 


LD 


(B2CSL). 


IXOOOOOIB 


LD 


(B2CSH), 


OOOOOOOOB 


LD 


{P4CR). 


XXXXXlllB 


LD 


(P4FC). 


XXXXXlllB 


Note)X 


; : don't care 



CSO = Sbits, 2WAIT. 7F00H~7FFFH 
CS1 = Bbits. OWAIT, 80H-7FFFH 
j CS2 = 1 6bits. 1 WAIT, 8000H~3FFFFFH 

^CSO, CST, CS2 output moce setting 



When AM8/1 6 Pin is set to high level, all address area are fixed to 8-bit data bus regardless of CS area statuses. 
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3.6.5 How to Start with an 8-Bit Data Bus Resetting sets the CS2 pin low due to an internal pull-down 

(with AM8/T6"pin sets "0") resistor; memory access starts in 1 6-bit data bus (2-wait) 

mode. To start in 8-bit data bus mode, a special operation is 
required. Operation is as described in the example below: 



B2CS EQU 6AH 
ORG 8000H 
LDX (B2CSL). 9CH 



CS2 register address 

RESET address 

CS2 8bit.0WAIT,8000H- 



After reset, the program reads the LDX (B2CSL). 93H 
instruction in 1 6-bit data bus mode. LDX is a 6-byte instruc- 
tion: the 2nd, 4th and 6th bytes are handled as dummies (i.e., 
only codes in the 1 st, 3rd and 5th bytes are actually used). 
Even if starting in 8-bit data bus mode, it is possible to pro- 
gram so that the LDX instruction is executed and the block 2 



area (8000H - 3FFFFFH) is accessed in 8-bit data bus mode 
without any problem. 

The above program does not include setting the P42/ 

CS2 pin to output; add a program to set the P4CR and P4FC 
registers as required. 



Address latch 



AD0~7 
ALE 
RD 
CS2 



D 
G 



D Q 
G 



A15 
J 

A8 

A7 
\ 

AO 

D7 
S 

DO 
OE 
CS 



Operation after reset 
TLCS-900 ROM 



8000H 
800 1H 

8002 H 

8003 H 
8004H 
800 5 H 



F7 




F7 


?? 


77 


00 


6C 


6C 


?? 


?? 


00 


93 


93 


?? 


7? 


00 







> LDX (6CH), 93CH 



?? = don't care 
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3.7 8-bit Timers 

The TI\/IP96C081 F contains two 8-bit timers (timers and 1). 
each of which can be operated independently. The cascade 
connection allows these timers to be used as 1 6-bit timer. The 
following four operating modes are provided for the 8-bit tim- 
ers. 

• 8-bit interval timer mode (2 timers) 

• 1 6-bit interval timer mode (1 timer) 

• 8-bit programmable square wave pulse generation (PPG: 
variable duty with variable cycle) output mode (1 timer) 

• 8-bit pulse width modulation (PWM: variable duty with con- 
stant cycle) output mode (1 timer) 



Figure 3.7 (1) shows the block diagram of 8-bit timer 
(timer and timer 1). 

Each interval timer consists of an 8-bit up counter, 8-bit 
comparator, and 8-bit timer register. Besides, one timer flip- 
flop (TFF1) is provided for timer and timer 1 

Among the input clock sources for the interval timers, the 
Internal clocks of 0T1 , 0T4, 0T16, and 0T256 are obtained 
from the 9-bit prescaler shown in Figure 3.7 (2). 

The operation modes and timer flip-flops of the 8-bit 
timer are controlled by three control registers TMOD, TFFCR, 
and TRUN. 
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TFFCR<TFF1C1.0> 



TRUN<TORUN> 




TlOpin — »■ 
^T1(8/fc) —*■ 
^T4(32/fc) — ^ 
,»T16(128/fc) - 



Figure 3.7 (1). Block Diagram of 8-Bit Timers (Timers and 1) 
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® Prescaler 

This 9-bit prescaler generates the clock input to the 8- 
bit tinners, 1 6-bit timer/event counters, and baud rate 
generators by further dividing the fundamental clock 
(fc) after it has been divided by 4 (fc/4). 
Annong them, 8-bit timer uses 4 types of clock: 



0T1, 0T4. 0T16, and 0T256. 
This prescaler can be run or stopped by the timer 
operation control register TRUN <PRRUN>. Counting 
starts when <PRRUN> is set to "1 ", while the prescaler 
is cleared to zero, and stops operation when 
<PRRUN> is set to "0". Resetting clears <PRRUN> to 
"0", which clears and stops the prescaler. 



Cycle 





20MHz 


clock ^ 


V5T1 (8/fc) 


OA /us 


^JA (32/fc) 




,5T16(128/fc) 


6.4/iS 


^T256 (2048/fc) 


102/.S 



Oscillator 
circuit 



/T1 ^12 /T4 ^T8 ^T32 ^T256 

t t t t t t T T t 



1 2 3 4 5 6 7 
9-bit prescaler 



I \ * TR» 



run/stop & clear 
TRUN <PRRUN> 



(System clock) 




Figure 3.7 (2). Prescaler 
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d) Up-counter 

This is an 8-bit binary counter which counts up by the 
input clock pulse specified by TMOD. 
The input clock of tinner is selected from the external 
clock TIO pin and three internal clocks 0T1 (8/fc), 0T4 
(32/fc), and 0T1 6 (1 28/fc), according to the set value of 
TMOD register. 

The input clock of timer 1 differs depending on the 
operation mode. When set in 1 6-bit timer mode, the 
overflow output of timer is used as the input clock. 
When set to any other mode than 1 6-bit timer mode, the 
input clock is selected from the internal clocks 0T1 (8/fc), 
0T1 6 (1 28/fc), and 0T256 (2048/fc) as well as the com- 
parator output (match detection signal) of timer accord- 
ing to the set value of TMOD register. 

Example: When TMOD <T10M1 ,0> = 01 , the over- 
flow output of timer becomes the input 
clock of timer 1 (16-bit timer mode). 
When TMOD <T10M1 ,0> = 00 and 
TMOD <T1 CLK1 ,0> = 01 , 0T1 (8/fc) 
becomes the input of timer 1 (8bit timer 
mode). 

Operation mode is also set by TMOD register. When 
reset, it is initialized to TMOD <T01 M1 , 0> = 00, 
whereby the up-counter is placed in the 8-bit timer 
mode. 



The counting and stop and clear of up-counter can be 
controlled for each interval timer by the timer operation 
control register TRUN. When reset, all up-counters will 
be cleared to stop the timers. 

(D Timer register 

This is an 8-bit register for setting an interval time. 
When the set value of timer registers TREGO, TREG1 , 
matches the value of up-counter, the comparator 
match detect signal becomes active. If the set value is 
OOH, this signal becomes active when the up-counter 
overflows. 

Timer register TREGO is of double buffer structure, 
each of which makes a pair with register buffer. 
The timer flip-flop control register TFFCR <DBEN> bit 
controls whether the double buffer structure in the 
TREGO should be enabled or disabled. It is disabled 
when <DBEN> = and enabled when they are set to 
1. 

In the condition of double buffer enable state, the data 
is transferred from the register buffer to the timer regis- 
ter when the 2*^-1 overflow occurs in PWM mode, or 
at the PPG cycle in PPG mode. 
When reset, it will be initialized to <DBEN> = to dis- 
able the double buffer. To use the double buffer, write 
data in the timer register, set <DBEN> to 1 , and write 
the following data in the register buffer. 
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Up-counter 

Comparator (CPO) 




Timer registers (TREGO) 



/ 


\ 


Shift trigger 


Register buffers 


\ 


> 

Write 
M 



Selector 



Matching detection of PPG 

- cycle 

* 2" - 1 overflow of PWM 

- TREGO WR 



TFFCR<DBEN> 



Internal bus 



Figure 3.7 (3). Configuration of Timer Register 

Note: Timer register and the register buffer are allocatecl to the same memory address. When <DBEN> = 0, the same value is written in the register buffer as 
well as the timer register, while when <DBEN> = 1 only the register buffer is written. 



The memory address of each timer register is as fol- 
lows. 

TREGO: 000022H 
TREG1:000023H 

All registers are write-only and cannot be read. 

® Comparator 

A comparator compares the value in the up-counter 
with the values to which the timer register is set. When 
they match, the up-counter is cleared to zero and an 



interrupt signal (INTTO, INTT1) is generated. If the timer 
flip-flop inversion is enabled, the timer flip-flop is 
inverted at the same time. 

(D Timer flip-flop (timer F/F: TFF1) 

The status of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval timer 
and the value can be output to the timer output pins 
T01 (also used as P71). 

A timer F/F is provided for a pair of timer and timer 1 
and is called TFF1 . TFF1 is output to T01 pin. 
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TRUN 
(0020H) 





7 


6 


; 5 : 4 ; 3 : 2 j 1 





bit Symbol 


PRRUN ': 




^; T5RUN i T4RUN \ P1RUN \ PORUN i T1RUN 


TORUN 


Read/Write 


RW 




RW 




After reset 







; : ; 1 1 





Function 


Prescaler & Timer Run/Stop CONTROL 

: Stop & Clear 

1 : Run (Count up) 



Count Operation 






Stop and clear 


1 


Count 



PRRUN 


Operation of prescaler 


T5RUN 


Operation of 16-bit timer (timerS) 


T4RUN 


Operation of 16-bit timer (timer4) 


P1RUN 


Operation of PWM timer (PWM l/timer3) 


PORUN 


Operation of PWM timer (PWM0/timer2) 


T1RUN 


Operation of 8-bit timer (timerl) 


TORUN 


Operation of 8-bit timer (timerO) 



Figure 3.7 (4). Timer Operation Control Register (TRUN) 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



MCU900-495 



TMP96C081F 



TLCS-900 16-bit Microcontroller 



TMOD 
(0024H) 





7 6 


5 


4 


3 2 


1 


bit Symbol 


T10M1 ; T10M0 


■ PWMMI i 


pwMMO ; 


T1CLK1 i T1CLK0 


T0CLK1 •: TOCLKO 


Read/Write 


W 


After reset 


















Operation mode 


PWM cycle 




Source clock of timer i 


Source clock of timerO 




00: SbilTimer 


00: - 




00:TO0TRG 


00:TIO 


Function 


01 : 16bit Timer 


01:26-1 




01 : ^T1 


01: viTI 




10:8bitPPG 


10:27-1 




10: ,5116 


10: ^T4 




1 1 : 8bit PWM 


11:28-1 




1 1 : ,iT256 


11: jiTl6 



Prohibit Read 
Modify Write 



' Input clock of timer 



00 


External Input (TIO) 


01 


v5Tl (Prescaler) 


10 


v5T4 (Prescaler) 


11 


^T16 (Prescaler) 


" Input clock of timer 1 




TMOD<T10IVI1.0>*01 


TMOO 

<T10M1.0> =01 


00 


Comparator output 
of timer 


Overflow 
output of timer 



01 


Internal clock ^T1 




10 


Internal dock ^T16 


(16-bit timer 


11 


Internal clock ^T256 


mode) 


- Select PWM cycle 


00 




01 


26-1 


10 


27-1 


11 


28-1 


Set the operation mode of 
timer and 1. 


00 


Two 8-bit timers 
(timer and timer 1) 


01 


16-bit timer 


10 


8-bit PPG output 


11 


8-bit PWM output (timer 0) 
8-bit timer (timer 1) 



Figure 3.7 (5). Timer Mode Control Register (TMOD) 
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TFFCR 
(0025H) 





7 6 5 


4 


3 2 


1 


bit Symbol 




DBEN 


TFF1C1 : TFF1C0 


TFF1IE 


TFFl IS 


ReadAA^rite 




R/W 


W 


R/W 


After reset 
















Function 




Double 
buffer 
0: Disable 
1 : Enable 


00: Invert TFFl 
01: Set TFFl 
10: Clear TFFl 
1 1 ; don't care 
••• Always read as 


TFFl 

Inversion 
trigger 
0: Disable 
1 : Enable 


TFFl 

Inversion 
source 
0: TimerO 
1 : Timer 1 



J \ I 



Select inverse signal of timer F/F1 



("Don't care" except in 8-bit timer mode) 





TI\/lOD<T10M1,0 
> =00 


01 


10 


11 





Inversion by 
timerO match 
signal 


16-bit timer mode 
Inversion by 
match signal 


PPG mode 
Inversion by 
match signal of 
each timerO and 
timer 1 


PWM mode 
Inversion by 
match and 
overflow signal 
of timerO 


1 


Inversion by 
timerl match 
signal 



Inversion of Timer F/F1 (TFFl) 






Disable invert 


1 


Enable invert 


Control of Timer F/Fl (TFFl) 


00 


Invert the value of TFFl 
(software inversion) 


01 


SetTFF1to"1". 


10 


Clear TFFl to "0". 


11 


Don't care 



Double Buffer Control of TREGO 

Disable double Buffer 

1 Enable double Buffer 



Figure 3.7 (6). Timer Flip-Flop Control Register (TFFCR) 
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The operation of 8-bit timers will be described below: 

(1 ) 8-bit tinner mode 

Two interval timers 0, 1 , 2, 3, can be used indepen- 
dently as 8-bit interval timer. All interval timers operate 
in the same manner, and thus only the operation of 
timer 1 will be explained below. 



® Generating interrupts in a fixed cycle 

To generate timer 1 interrupt at constant intervals using 
timer 1 (INTT1), first stop timer 1 then set the operation 
mode, input clock, and a cycle to TMOD and TREG1 
register, respectively. Then, enable interrupt INTT1 and 
start the counting of timer 1 . 



Example: To generate timer 1 interrupt every 40 
microseconds at fc = 20MHz, set each 
register in the following manner. 



TRUN 
TMOD 

TREG1 

INTET10 

TRUN 



MSB 
7 



LSB 



6 5 4 3 2 1 
- X - - - - - 
X X 1 - - 



1 



Stop timer Land clear itto"0". 

Set the 8-bit timer mode, and select 0T1 . 

(0.4ns @ tc = 20MHz) as the input clock 

Set the timer register at 40ms 0T1 = 100H (64H). 

Enable INTT1, and set it to "Level 5". 

Start timer 1 counting. 



Note: x; don't care 



; no change 



Use the following table for selecting the input clock. 



Table 3.7 (1) 8-Bit Timer Interrupt Cycle and input Clock 



input CLocIc 


Interrupt Cycle 
(at fc» 20MHz) 


Resolution 


0T1 (8/fc) 


0.4fjs- 102.4ms 


0.4ms 


0T4(32/fc) 


1.6mS~ 409.6ms 


1.6ms 


0T16(128/fc) 


6.4ms ~ 1.638ms 


6.4ms 


0T256(2O48/tc) 


102.4ms ~ 2.621ms 


102.4ms 



Note: The input of timer and timer 1 are different 
from as follows: 



Timer 0: TIO input, 0TI , 0T4, 0TI 6 

Timer 1 : match output of Timer 0, 0TI , 0TI 6, 0T2566 
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® Generating a 50% duty square wave pulse 

The timer flip-flop (TFF1) is inverted at constant inter- 
vals, and its status is output to timer output pin (T01). 



Example: To output a 2.4ps square wave pulse from 
T01 pin at fc = 20MHz, set each register in 
the following procedures. Either timer or 
timer 1 may be used, but this example 
uses timer 1 . 



TRUN 

TMOD 

TREG1 

TFFCR 

P7CR 

P7FC 

TRUN 



MSB 
7 

- 

- 

X 

- X 

- 1 



LSB 
1 




Stop timer Land clear it to"0". 

Set the 8-bit timer mode, and select 0T1 as ttie input clock. 

Set the timer register at 3.0^is +0T1 ^2 = 3. 

Clear TFF1 to "0", and set to invert by the match detect signal from timer 1 . 

Select P71 as T01 pin. 

Start timer 1 counting. 



Note: 



x; don't care 



; no change 
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Figure 3.7 (7). Square Wave (50% Duty) Output Timing Chart 
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Making timer 1 count up by match signal from timer 
comparator 



Set the 8-bit timer mode, and set the comparator out- 
put of timer as the input clock to timer 1 . 



Comparator output 
(Timer match) 

Timer up-counter 
(when TREGO = 5) 

Timer 1 up-counter 
(whenTREGI =2) 

Timer 1 match output - 



JL 



JL 



ZXI)CIXI)(I)GIXIXIXiXIXIXIXE)C 



JL 



Figure 3.7 (8). Timer 1 Count Up by Timer 



@ Output inversion with software 



(2) 16-bit timer mode 



The value of timer flip-flop (TFF1) can be inverted, inde- 
pendent of timer operation. 
Writing "00" into TFFCR <TFF1 C1 ,0> (memory 
address: 000025H of bit 3 and bit 2) inverts the value 
ofTFFL 

(D Initial setting of timer flip-flop (Timer F/F) 

The value of TFF1 can be initialized to "0" or "1 ", inde- 
pendent of timer operation. 

For example, write "10" in TFFCR <TFF1 C1 ,0> to clear 
TFF1 to "0", while write "01 " in TFFCR <TFF1 CI , 0> to 
setTFFI to "1". 



A 1 6-bit interval timer is configured by using the pair of 
timer and 1 . 

To make a 1 6-bit interval timer by cascade connecting 
timer and timer 1 , set timer 0/timer 1 mode register, 
TMOD<T10M1,0>to"0,1". 
When set in 1 6-bit timer mode, the overflow output of 
timer will become the input clock of timer 1 , regard- 
less of the set value TMOD <T1CLK1 ,0>. Table 3.7 (2) 
shows the relation between the cycle of timer (inter- 
rupt) and the selection of input clock. 



Note: The value of timer register and timer flip-flop cannot be read. 
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Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock 



input Clocic 


Interrupt Cycle 
(at fc>s 20MHz) 


Resolution 


0T1 (8/fc) 


0.4ms -26.214015 


0.4ms 


0T4(32/fc) 


1.6)05 - 104.857ms 


1.6ms 


0T16(l28/fc) 


6.4n5~ 419.430ms 


6.4ns 



The lower 8 bits of the timer (interrupt) cycle are set by 
the timer register TREGO, and the upper 8 bits are set 
by TREG1 . Note that TREGO always must be set first. 
(Writing data into TREGO disables the comparator tem- 
porarily, and the comparator is restarted by writing 
data into TREG1 .) 

Setting example: To generate an interrupt INTT1 every 
0.4 seconds at fc = 20MHz, set the 
following values for timer registers 
TREGO and TREG1: 



The comparator match signal is output from timer 
each time the up-counter UCO matches TREGO, where 
the up-counter UCO is not to be cleared. 
With the timer 1 comparator, the match detect signal is 
output at each comparator timing when up-counter 
UG1 and TREG1 values match. When the match 
detect signal is output simultaneously from both com- 
parators of timer and timer 1 , the up-counters UCO 
and UG1 are cleared to "0", and the interrupt INTT1 is 
generated. If inversion is enabled, the value of the timer 
flip-flop TFF1 is inverted. 



When counting with input clock of 
0T1 6 (6.4^8 @ 20MHz)0.4 sec - 
6.4ns = 62500 = F424H 

Therefore, set TREG1 = F4H and 
TREGO = 24H, respectively. 





Timer 


Timer 1 


INTTO 


T01 


Value of 
comparison 


INTT1 


TOl 


Value of 
comparison 


16 -Btt Timer Mode 
/ Counts Timer 1 upwardX 
1 when Timer IS ) 
\Overflowed / 


Generation oi 
an interrupt 


Disable to 
Output 


TREGO 

/counts \ 
j upward even j 
y when matched/ 


Generation of 
an interrupt 


Disable to 
output 


* TREGO 
(16 bit full) 


8-8it Timer Mode 
/Counts Timer 1 upward \ 
1 when Timer is matched! 


Generation of 
an interrupt 


Eridble to output 

t- ) 

VTimer 1 / 


TREGO 

/cleared \ 
1 when 1 
^matched / 


Generation of 
an interrupt 


Enable to output 
Aimer \ 
or 

\ Timer 1 / 


TREG1* 

TREGO 

1 Value of j 
\Multiplier / 
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Example: When TREG1 = 04H and TREGO = 80H 



(ua^ucof'*^^"'^^^'^ ^^^^^ ^^^^^ ^^^^^ 

Timer comparator n n n n n 

match detect signal H [] II ll 11 



Interrupt INTTl 
Timer output T01 



Figure 3.7 (9). Output Timer by 16-Bit Timer Mode 



(3) 8-bit PPG (Programmable Pulse Generation) Output 
mode 

Square wave pulse can be generated at any frequency 
and duty by timer and timer 1 . The output pulse may 
be either low-active or high-active. In this mode, timer 
1 cannot be used. 

Timer outputs pulse to T01 pin (also used P70). 
In this mode, a programmable square wave is gener- 



ated by inverting timer output each time the 8-bit up- 
counter (UCO) matches the timer registers TREGO and 
TREG1. 

However, it is required that the set value of TREGO is 

smaller than that of TREG1 . 

Though the up-counter (UC1) of timer 1 is not used in 

this mode, UC1 should be set for counting by setting 

TRUN<T1RUN>to1. 

Figure 3.7 (1) shows the block diagram for this mode. 



TREGO and UCO match__ 
(Interrupt INTTO) 

TREG1 and UCO match _ 



T01 ^ 














^ TREGO 






.TREG1 





Figure 3.7 (10). Block Diagram of 8-Bit PPG Output Mode 
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TlOpin 
.^T1 - 
^T4 - 
y^T16 - 



Sefector 







t t 

TWIOD <T0CLK1,0> 



TRUN<TORUN> 



8-bit 

up-counter (UCO> 



Comparator L. Comparator L,_ 
TV ' » 



TREGO 



Shift trigger 



TFFCR<DBEN> 



[ Register buffer TREG 

L 1 t 



1 



TOT 



5 



TFFCR<TFF1IE> = 1 
Inversion 
^INTTO 



^INTTl 



Figure 3.7 (1 1)> Block Diagram of 8-Bit PPG Output Mode 



When the double buffer of TREGO is enabled in this Use of the double buffer makes easy handling of low 

mode, the value of register buffer will be shifted in duty waves (when duty is varied). 

TREGO each time TREG1 matches UCO. 



TlOprn - 

.^n - 

^T4 - 
./HT6 - 



Selector 







TRUN<TORUN> 



t f 

TMOD<T0CLK1.0> 



8-bit 

up-counter (UCO) 
1 1 



5Jl 



Corrvparator L. 

7^ 



12. 



Comparator 



Shift trigger 



4 Register buffer 
rnftPM^ ' « ' - 



TFFCR<DBEN> 



T01 
_1_ 



TFFCR<TFFT(E> = 1 
fnversion 
»-INTTO 



►INTTl 



Figure 3.7 (12). Operation of Register Buffer 
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Example: Generating 1/4 duty 62.5kHz pulse @ fc = 
20MHz) 




• Calculate the value to be set for timer register. 
To obtain the frequency 62.5kHz, the pulse cycle t 



should be: t = 1 /62.5kHz = 16ns. 
Given 0T1 = 0.4ns @ 20MHz), 
16ns 4- 0.4ns = 40 
Consequently, to set the timer register 1 (TREGI) to 
TREG1 = 40 = 28H and then duty to 1/4, t x 1/4 = 
16ns X 1/4 = 4ns 

4ns -5- 0.4ns = 10 

Therefore, set timer register (TREGO) to TREGO = 1 
= OAH. 







7 


6 


5 


4 


3 


2 


1 





TRUN 


<— 




X 
















TMOD 


<— 


1 





X 


X 


X 


X 





1 


TREGO 


<- 














1 





1 





TREGI 


<- 














1 











TFFCR 


<- 








1 




1 


1 

1 


1 


X 


P7CR 


<- 


X 


X 


X 


X 






1 




P7FC 


<r- 


X 


X 


X 


X 






1 


X 


TRUN 


<- 


1 


X 










1 


1 



Note: x; don't care -; no change 



Stop timer 0, and clear it to "0". 

Set the 8-bit PPG mode, and select 0T1 as input clock. 

Write "OAH". 

Write "28H". 

Sets TFF1 and enables the inversion and double buffer enable. 
^ Writing "10" provides negative logic pulse. 

^ Select P71 as T01 pin. 

Start timer and timer 1 counting. 



(4) 8-bit PWM Output mode 

This mode is valid only for timer 0. In this mode, maxi- 
mum 8-bit resolution PWM pulse can be output. 
PWM pulse is output to TGI pin (also used as P71) 
when using timer 0. Timer 1 can also be used as 8-bit 
timer. 

Timer output is inverted when up-counter (UC1) 
matches the set value of timer register TREG or when 
2n - 1 (n = 6, 7, or 8; specified by T01 MOD 



<PWM01 ,07) counter overflow occurs. Up-counter 
UC1 is cleared when 2n - 1 counter overflow occurs. 
For example, when n = 6, 6-bit PWM will be output, 
while when n = 7, 7-bit PWM will be output. 
To use this PWM mode, the following conditions must 
be satisfied. 

(Set value of timer register) < (Set value of 2" - 1 

counter overflow) 

(Set value of timer register) ^ 
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TREGO and i] 
UCO match 



2n.i 
overflow . 
(interrupt INTTO) ' 



TO! 

tpwM 
~(PWM cycle) 



tpwM ^ [ 1 



Figure 3.7 (13). 8-Bit PWM Waveforms 



Figure 3.7 (1 4) shows the block diagram of this mode. 



TIO- 
v';T1 - 



t t 



TMOD <T0CLK1.0> 



TREGO-WR-^ 



TRUN <TORUN> 



8-bit up-counter 
(UCO) 



TREGO 

— T> — 



Shift trigger 



Register buffer 



TFFCR <DBEN> 



It 



TOl 
4 



TFFCR 
C: <TFF1C1,0, 
TFF1IE,TFF1IS> 



^ overflow 



TMOD 
. <T10M1,0 
-TMOD 
<PWMM1,0> 



Figure 3.7 (14). Block Diagram of 8-Bit PWM Waveforms 
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In this mode, the value of register buffer will be shifted in Use of the double buffer makes the handling of small 

TREGO if 2*^ - 1 overflow is detected when the double buffer of duty waves easy. 
TREGO is enabled. 



Moich with TREGO 


n 


n 




Up-counter = Qi 


Up-counter = Q2 


2" - 1 overflow 






( Shift into TREGO 


TREGO 


Qi 


Q2 


(value to be compared) 






Register buffer 


02 


— ^ — ^ — ^ 



Figure 3.7 (1 5). Operator of Register Buffer 

Example: To output the following PWM waves to T01 pin at fc = 20MHz. 



r~i 


1 






• 35//S "1 





To realize 50.8^5 of PWM cycle by 0T1 = 0.4fis (@ fc = Consequently, n should be set to 7. 

20MHz), As the period of low level is 36^3, for 0T1 = 0.4^8, set the 

r,^^ ^ . H 0-7 o7 -I following value for TREGO: 

50.8ns ^ 0.4^3 = 127 = 2^ - 1 ^ 

36ns - 0.4ns = 90 = 5AH 



MSB LSB 







7 


6 


5 


4 


3 


2 


1 





TRUN 


<- 




X 















TMOD 


<- 


1 


1 


1 












1 


TREGO 


<- 





1 





1 


1 





1 





TFFCR 


<r- 


X 


X 


X 


X 


1 





1 


X 


P7CR 


<- 


X 


X 


X 


X 






1 




P7FC 


<- 


X 


X 


X 


X 






1 


X 


TRUN 


<- 


1 


X 












1 



Note: x; don't care -; no change 



Stop timer 0, and clear it to "0". 

Set 8-bit PWM mode (cycle: 2^-1) and select 0T1 as the input clock. 
Write "5AH". 

Clears TFF1 , enables the inversion and double buffer. 
^ SetP71 asT01 pin. 

Start timer counting. 
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Table 3.7 (3) PWM Cycle and the Setting of 2" -1 Counter 





PWM Cycle (@fc = 20 MHz) 


0T1 


0T4 


0T16 


26.-I 


25.2Msec (39.0kHz) 


lOOnsec (10.0kHz) 


0,40msec (2.4kHz) 




50.8Msec (19.7kHz) 


203Msec (4.9kHz) 


0.81 msec (1.2kHz) 


28-1 


102MSec (9.80kHz) 


408|nsec (2.4kHz) 


1.63msec (0.61kHz) 



(5) Table 3.7 (4) shows the list of 8-bit timer modes. 

Table 3.7 (4) Timer Mode Setting Registers 



Register Name 


TMOD 


TFFCR 


Name of Function in Register 


T10M 


PWMM 


T1CLK 


TOCLK 


TFF1IS 


Function 


Timer Mode 


PWMO 
Cycle 


Upper Timer 
Input Clock 


Lower Timer 
Input Clock 


Timer F/F Invert 
Signal Select 


16-bit timer mode 


01 






External clock, 
0T1.0T4,0T16 
(00,01.10,11) 




8-bit timer x 2 channels 


00 




Lower timer match, 
0T1. 16,256 
(00, 01,10.11) 


External clock, 
0T1,0T4,0T16 
(00,01,10,11) 


0: Lower timer output 
1 : Upper timer output 


8-bit PPG X 1 channel 


10 






External clock, 
0T1,0T4,0T16 
(00. 01,10.11) 




8-bit PWM x1 channel 


11 


2^-1.2^-1,28-1 
(01.10,11) 




External clock. 
0T1.0T4,0T16 
(00. 01.10.11) 




8-bit timer x1 channel 


11 




(0T1,T16,T256) 
(01.10.11) 




Output disabled 



Note: -; Don't care 
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3.8 8-Bit PWM Timer 

The TMP96C081 F has two built-in 8-bit PWM timers (timers 2 
and 3). 

They have two operating modes. 

• 8-bit PWM (pulse width modulation: variable duty fixed inter- 
val output mode 

• 8-bit interval timer mode 

Figure 3.8 (1 ) is a block diagram of 8-bit PWM timer (tim- 
ers 2 and 3). 



PWM timers consist of an 8-bit up-counter, 8-bit com- 
parator, and 8-bit timer register. Two timer flip-flops (TFF2 for 
timer 2 and TFF3 for timer 3) are provided. 

Input clocks 0P1 , <jP4, and 0P1 6 for the PWM timers can 
be obtained using the built-in prescaler. 

PWM timer operating mode and timer flip-flops are con- 
trolled by four control registers (POMOD, P1 MOD, PFFCR, and 
TRUN). 
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TRUN <PRRUN> 



PWM dedicated 
prescaler 



~r~r-r 

yiPl ^PA yiP16 

(fc/4) (fc/16) {fc/64) 



TRUN <PORUN> 



POMOD <PWMOM> 



F/F2 
(TFF2) 



Clear 



F/F control 



PFFCR <FF2C1.0> 
PFFCR <FF2TRG1,0> 




■ PWM2-0UT 
(T02) 



POMOD <PWMOINT> 



TREG-WR 



Internal bus 



Figure 3.8 (1). Block Diagram of 8-Bit Timer (Timer 2) 

Note: Block diagram for 8-bit PWM timer 1 (timer 3) is the same as the above diagram. 
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® Prescaler 

Generates input clocks dedicated to PWIVI timers by 
further dividing the fundamental clock (fc) after it has 
been divided by 2 (fc/2). Since the register used to 
control the prescaler is the same as the one for other 
timers, the prescaler cannot be operated indepen- 
dently 



The PWM timer uses three input clocks: ^P1 , ^P4, 
and0/P16. 

Like the 9-bit prescaler described in the 8-bit timer 
section, this prescaler can be counted/stopped using 
bit 7 <PRRUN> of the timer operation control register 
TRUN. Setting <PRRUN> to 1 starts counting; setting 
it to zero-clears and stops counting. Resetting clears 
<PRRUN> to 0, which clears and stops the prescaler. 



Dedicated prescaler cycle 





20MHz 


y5P1 (4/fc) 
^P4 (16/fc) 
viP16(64/fc) 


200ns 
800ns 
3.2;/S 



^P4 ^P16 
t T t T t 

12 3 4 
Prescaler 

f run/stop & clear 
TRUN <PRRUN> 



Oscillator 
circuit 






1/2 












Figure 3.8 (2). Prescaler 

Up-counter (D Timer registers 



An 8-bit binary counter which counts up using the 
input clock specified by PWM mode register (POIVIOD 
or P1M0D). 

The input clock for the PWM0/PWM1 is selected from 
the internal clocks 0P1 , 0P4, and 0P16 (PWM dedi- 
cated prescaler output) depending on the value set in 
the P0MOD/P1 MOD register. 
Operating mode is also set by POMOD and P1 MOD 
registers. At reset, they are initialized to POMOD 
<PWMOM> = and P1 MOD <PWM1 M> = 0, thus, the 
up-counter is in PWM mode. In PWM mode, the up- 
counter is cleared when a 2^ - 1 overflow occurs; in 
timer mode, the up-counter is cleared at compare and 
match. 

Count/stop and clear of the up-counter can be con- 
trolled for each PWM timer using the timer operation 
control register TRUN, Resetting clears all up-counters 
and stops timers. 



Two 8-bit registers used for setting an interval time. 
When the value set in the timer registers (TREG 2 and 
3) matches the value in the up-counter, the match 
detect signal of the comparator becomes active. 
Timer registers TREG2 and TREG3 are each paired 
with register buffer to make a double buffer structure. 
TREG2 and TREG3 are controlled double buffer 
enable/disable by POMOD <DB2EN> and P1M0D 
<DB3EN>: disabled when <DB2EN>/<DB3EN> = 0, 
enabled when <DB2EN>/<DB3EN> = 1. 
Data is transferred from register buffer to timer when a 
2" - 1 overflow occurs in the PWM mode, or when 
compare and match occurs in 8-bit timer mode. That 
is, with a PWM timer, the timer mode can be operated 
in double buffer enable state, unlike timer mode for 
timers and 1 . 

At reset, <DB2EN>/<DB3EN> is initialized to to disable 
double buffer. To use double buffer, write the data in the 
timer register at first, then set <DB2EN>/<DB3EN> to 1 , 
and write the following data in the register buffer. 
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Up-counter 

_JL_ 

Comparator 





Timer register {TREG2/3) 

— 



Shift trigger 



Register buffer 



TV 



Selector 



8-bit match detect 
PWM2n-1 overflow 



TREG2/3WR 



Internal bus 



<DB2EN>/<DB3EN> 



Figure 3.8 (3). Structure of Timer Registers 2 and 3 



Note: The timer register and register buffer are allocated to the same memory address. When <DB2EN>/<DB3EN> = 0, the same value is written to both 
register buffer and timer register. When <DB2EN>/<DB3EN> = 1 , the value is written to the register buffer only. 



Memory addresses of the timer registers are as fol- 
lows: 

TREG2 : 000026H 
TREG3: 000027H 



Both timer registers are write only; however, register 
buffer values can be read when reading the above 
addresses. 



® Comparator 

Compares the value in the up-counter with the value in 
the timer register (TREG2/TREG3). When they match, 
the comparator outputs the match detect signal. A 
timer interrupt (INTT2/INTT3) is generated at compare 
and match if the interrupt select bit <PWM01 NT>/ 
<PWM1 NT> of the mode register (P0MOD/P1 MOD) is 
set to 1 . In timer mode, the comparator clears the up- 
counter to at compare and match. It also inverts the 
value of the timer flip-flop if timer flip-flop invert is 
enabled. 



(D Timer flip-flop 

The value of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval 
timer or 2" - 1 overflow. The value can be output to the 
timer output pin T02/r03 (also used as P72/P73). 
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POMOD 
(0028H) 





7 


6 


5 


4 


3 2 


1 


bit Symbol 


FF2RD 


DB2ENI 


PWMOINT 


PWMOM 


T2CLK1 : T2CLK0 


PWMOSl ! PWMOSO 


Read/Write 


R 








W 




Afier reset 

















Function 


Flip-flop 
(F/F2) 
output 
data 


1 : Double 
Buffer2 
Enable 


0: 2n-1 
overflow 
interrupt 

1 : compare 
& match 
interrupt 


0: PWM 
mode 

1 : Timer 
mode 


00: yjPl (fc/4) 
01: v>P4(fc/16) 
10: f(P16(fc/64) 
1 1 : Don't care 


00:26-1 
01 : 27-1 
10:28-1 
1 1 : Don't care 



Read-modify-write is 
prohibited. 



. Select PWMO cycle 



00 


26-1 


01 


27-1 


10 


28-1 


11 


Don't care 


' Select PWMO input clock 


00 


i> PI {fc/4) 


01 


i, P4(fc/16) 


10 


y5 P16{fc/64) 


11 


Don't care 


- select PWMO mode 





PWM mode 


1 


8-bit timer mode 


► select PWMO interrupt 





Overflow interrupt 


1 


Compare and match 
interrupt 


control double buffer 





Disable 


1 


Enable 



- PWM timer Flip-flop2 (TFF2) 
output value (T02) 



Figure 3.8 (4). 8-Bit PWMO Mode Control Register 
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P1M0D 
(0029H) 





7 


6 


5 


4 


3 2 


1 


bit Symbol 


FF3RD 


0B3EN 


PWM1INT 


PWM1M 


T3CLK1 ; T3CLK0 


PWM1S1 j PWM1S0 


Read/Write 


R 








W 




After reset 

















Function 


Flip-flop 
(F/F3) 
output 
data 


1 : Double 
Buffers 
Enable 


0: 2"-l 
overflow 
interrupt 

1: Compare 
and 
match 
interrupt 


0: PWM 
mode 

1: Timer 
mode 


00: (fc/4) 
01: ,jP4(fc/16) 
10: ^P16(fc/64) 
1 1 : Don't care 


00: 26-1 
01:27-1 
10:28-1 
1 1 : Don't care 



Read-modi fy-write is 
prohibited. 



Select PWM1 cycle 



00 


26-1 


01 


27-1 


10 


28-1 


n 


Don't care 


- Select PWM1 input clock 


00 


^ PI (fc/4) 


01 


,5P4{fc/16) 


10 


^ P16(fc/64) 


11 


Don't care 


► Select PWM 1 mode 





PWMmode 


1 


8-bit timer mode 


Select PWM 1 interrupt 





Overflow interrupy 


1 


Compare and match 
interrupt 


Control double buffer 





Disable 


1 


enable 



. PWM timer Flip-flop3 {TFF3) 
output value (T03) 



Figure 3.8 (5). 8-Bit PWM1 Mode Control Register 
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7 6 


5 4 


3 i 2 • 1 ; 


bit Symbol 


FF3C1 ; FF3C0 


FF3TRG1 ; FF3TRG0 


FF2C1 i FF2C0 j FF2TRG1 j FF2TRG0 


Read/Write 


W 


R/W 


W RW 


After reset 








: ; j 


Function 


00 : Don't care 
01:SetTFF3 
10: Clear TFF3 
1 1 : Don't care 


00 : OiiableTFFB inverted. 

01 : Invert by match. 

10 : Set by match; 

clear by overflow, 

11 : Clear by match; 

set by overflow. 


00 : Don't care iOO : Oitable TFF2 inverted. 
01 : SetTFF2 jOI : invert by match. 
10: Clear TFF2 jlO : Set by match; 
. . _ clear by overflow, 
1 1 : Don t care ' 

ill: Clear by match ; 
set by overflow. 



L-Select PWM timer F/F2 (TFF2) trigger 



00 


Disable TFF2 trigger. 


01 


Invert by compare and match. 


10 


Set by compare and match. 
Clear by 2" - 1 overflow. 


11 


Clear by compare and match. 
Set by 2" - 1 overflow. 


Control PWM timerF/F2 (TFF2) 


00 


Don't care 


01 


SetTFF2to"1". 


10 


Clear TFF2 to"0". 


11 


Don't care 


Select PWM timer 
F/F3 (TFF3) trigger 


00 


Disable TFF3 trigger. 


01 


Invert by compare and match. 


10 


Set by compare and match. 
Clear by 2" - ^ overflow. 


11 


Clear by compare and match. 
Set by 2" - 1 overflow. 


Control PWM timerF/F2 (TFF2) 


00 


Don't care 


01 


SetTFF3 to"!". 


10 


Clear TFF3 to"0". 


11 


Don't care 



Figure 3.8 (6). 8-Bit PWM F/F Control Register 
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TRUN 
{0020H) 





7 6 


5 : 4 i 3 i 2 


1 





bit Symbol 


PRRUN : """""^^ 


T5RUN i T4RUN j PI RUN j PORUN 


T1RUN 


TORUN 


Read/Write 


RAN 


R/W 


After reset 




i i i 








Function 


Prescaler & Timer Run/Stop CONTROL 
0: Stop & Clear 
1: Run (Count up) 



8-bit timer (timerO) operation 



Stop & clear 
Count 



. 8-bittimer(timer1) operation 



Stop & clear 
Count 



- 8-bit PWM timer (PWM0/timer2) operation 



Stop & clear 
Count 



. 8-bit PWM timer (PWM0/timer2) operation 



Stop & clear 
Count 



1 6-bit timer (timer4) operation 



Stop & clear 
Count 



1 6-bit timer (timerS) operation 



Stop & clear 
Count 



. Prescaler operation 



Stop & dear 
Count 



Figure 3.8 (7). Timer Operation Control Register (TRUN) 
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The following explains PWM timer operations. 
(1 ) PWM timer mode 

Both PWM timers can output 8-bit resolution PWM 
independently. Since both timers operate in exactly the 
same way, PWMO is used for purposes of explanation. 
PWM output changes under the following two condi- 
tions. 

Condition 1 : 

• TFF2 is cleared to when the value in the up- 
counter (UC2) and the value set in the TREG2 
match. 

• TFF2 is set to 1 when a 2^^ - 1 counter overflow (n 
= 6, 7, or 8) occurs. 



Condition 2: 

• TFF2 is set to 1 when the value in the up-counter 
(UC2) and the value set in TREG2 match. 

• TFF2 is cleared to when a 2" - 1 counter over 
flow (n = 6, 7, or 8) occurs. 

The up-counter (UC2) is cleared by a 2" - 1 counter 
overflow. 

The PWM timer can output 0% - 100% duty pulses 
because a 2" - 1 counter overflow has a higher priority. 
That is, to obtain 0% output (always low), the mode 
used to set TFF2 to due to overflow {PFFCR 
<FF2TRG1 , 0> = 1 , 0) must be set and 2" - 1 (value for 
overflow) must be set in TREG2. To obtain 100% out- 
put (always high), the mode must be changed: PFFCR 
<FF2TRG1 , 0> = 1 ,1 then the same operation is 
required. 



PWM timing 



Timing in 
detail 



PWM counter m-1 "X m ~)( m > 1 ^ 2"-2 X 2"-1 / " 



Match detect 



2"- 1 overflow 
counter clear 



n. 



TL 



Overall 
timing 
(Note) 



1^ Timer F/F output 
{T02/T03) 



Figure 3.8 (8). Output Waves in PWM Timer Mode 



Note: The above waves are obtained in a mode where the F/F is set by a match with the timer register (TREG) and reset by an overflow. 
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Figure 3.8 (9) is a block diagram of this mode. 



fc/2 



5JP4 ^K? 



\ \ \ 

P0MOD<T2CLK1.0> 



Selctor 
Y 

A S 



8-bit up-counter 
(UC2) 



POMOD 
<PWM0S1,0> 



2"- 1 overflow 
control 



8-bit 
comparator 
(CP2) 

7^ 



8-bit 
timer register 
(TREG2) 



Shift trigger 



IE 



Register buffer 



P0MOD<DB2EN> 



3t 



overflow 
overflow 

PFFCR<FF2TRG1,0> 

PFFCR<FF2C1.0> 



Timer 

F/F 
control 



T02 



Interrupt 



POMOD <PWMOI NT > 



Figure 3.8 (9). Block Diagram of PWM Timer Mode (PWMO) 



in tlnis mode, enabling double buffer is very useful. The Using double buffer makes handling small duty waves 

register buffer value shifts into TREG2 when a 2" -1 overflow easy, 
is detected, when double buffer is enabled. 



Match with TREG2 

2n-l 
overflow 

TREG2 
(Connpared value) 

Register buffer 



(Up-counter = Q1) 


(Up-counter = Q2) 


^Shiftfrom register buffer 


Qi 








I Q3 



^ Register buffer write 



Figure 3.8 (10). Register Buffer Operation 
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Example: To output the following PWM waves to T02 
pin using PWMO at fc = 20MHz. 



18.75//$ 



39.68//S 



39.68^3 0.25ms = 1 27 = 2^ -1 . 
Consequently, set n to 7. 

Since the low level cycle = 1 8.75ms; for P1 = 0.31 2ms 

18.75ms +0.312 = 60 = 3CH 
set the 3CH in TREG2. 



To implement 39.68ms PWM cycle by PI = 0.31 2ms ( 
fc = 20MHz) 



7 6 5 4 3 2 1 

TRUN <--x---0-- Stops PWMO and clears it too. 

POMOD <- - 1 Sets PWM (2^-1) mode, input clock 0P1. overflow interrupt, and disables double buffer. 

TREG2 <- 1 1 1 1 Writes 3CH. 

POMOD ^- 1 1 Enables double buffer. 

PFFCR <----- 1 1 1 Sets TFF2 and a mode wtiere TFF2 is set by compare and matcti, and cleared by overflow. 

)setsP72astheT02 pin. 



P7CR <- X X X X - 1 - - 
P7FC <-xxxx-1-x 
TRUN <- 1 X - - - 1 - - Starts PWMO counting, 



Note : x; don't care -; no change 



Table 3.8 (1) PWM Cycle and 2" -1 Counter Setting 





Formula 


20MHz 




0P1 


0P4 


0P16 


26-1 


2^-1 - 0Pn 


12.6Msec 
(79kHz) 


50.4Msec 
(20kHz) 


20lMsec 
(4.9kHz) 


2^-1 


2^-1 - 0Pn 


25.4Msec 
(39kHz) 


101.6Msec 
(9.8kHz) 


406Msec 
(2.5kHz) 


28-1 


2^-1 - 0Pn 


51.0|jsec 
(20kHz) 


204.0Msec 
(4.9kHz) 


SIGpsec 
(1.2kHz) 
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(2) 8-bit timer mode 

Both PWM timers can be used independently as 8-bit 
interval timers. Since both timers operate in exactly the 
same way, PWMO (timer 2) is used for the purposes of 
explanation. 



® Generating interrupts at a fixed interval 

To generate timer 2 interrupt (INTT2) at a fixed interval 
using PWMO timer, first stop PWMO, then set the oper- 
ating mode, input clock, and Interval in the POMOD 
and TREG2 registers. Next, enable INTT2 and start 
counting PWMO. 



Example: To generate a timer 2 interrupt every 32fis 
at fc = 20MHz, set registers as follows: 



7 6 5 4 3 2 1 

TRUN ^-x---0-- Stops PWMO and clears it too. 

POMOD <- X 1 1 X X Sets 8-bit timer mode and selects 0P1 (0.2^3) and 

compare interrupt. 

TREG2 f- 1 1 Sets 32ms/0.2ms = AOH in timer register. 

INTEPW10 <----- 1 1 00 Enables INn2 and sets interrupt level 4. 

TRUN ^ 1 X - - - 1 - - Starts PWMO counting. 

Note: x; don't care -; no change 



Select an input clock using the table below. 



Table 3.8 (2) Interrupt Cycle and Input Clock Selection using 8-Bit Timer Mode 



Input Clock 


interrupt Cycle 
(at fc» 20MHz) 


Resolution 


0P1 {4/fc) 


0.2)js~51.2ps 


0.2ms 


0P4(16/fc) 


0.8ps ~ 204.8ns 


0.8ms 


0P16{64/fc) 


3.2ms ~ 819.2ms 


3.2ms 



Note: To generate interrupts in 8-bit timer mode, bit 5 (interrupt control bit <PWM01 NT>/<PWM1 NT> of 
P0MOD/P1 MOD) must be set to 1 . 
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Generating a 50% square wave 



To generate a 50% square wave, invert the tinner flip- 
flop at a fixed interval and output the tinner flip-flop 



value to the tinner output pin (T02). 



Example: To output a 2.4^8 square wave at fc = 

20MHz from T02 pin, set register as follows: 



7 6 5 4 3 2 1 

TRUN <--x---0-- Stops PWMO and clears it too. 

POMOD <- X 1 1 X X Sets 8-bit timer mode and selects 0P1 (0.2ms) as the Input clock. 

TREG2 <- O O O 1 1 Sets 2.4ms/0.2|js/2 = 6 in the timer register. 

PFFCR <_---- 1 1 Clears TFF2 to and inverts using comparator output. 

P7CR <- X X X X - 1 - - 

P7FC <- X X X X - 1 - X 



)sets P72astheT02 pin. 
X ^ 

TRUN <- ^ X - - - 1 - - starts counting PWMO. 



Note: x; don't care -; no change 



•"PI _jTjnjTJij"iJiJijnjnj~LJiJiJTrm 



TRUN 



Up-counter 01 foTi 03 j 04 nTYMTTo Tonirr orrorno^ 

PL 




Figure 3.8 (11). Square Wave (50% Duty) Output Timing Chart 
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This mode is as shown in Figure 3.8 (12) below. 



t t 

P0MOD<T2CLK1.0>/ 
P1MOO<T3CLK1,0> 



8-bil up counter 
(UC2/UC3) 



8-bit comparator 
(CP2/CP3) 



77 



Selector ' 

k S 



8-bit 
timer register 
(TREG2ArREG3) 



77 



P0MOD<DB2EN>/ 
P1MOD<DB3EN> 



Register write 



Register buffer 

3EZ 



Timer F/F 
control 



H 

I PFFCR<FF2C1,0>/ 
PFFCR<FF3C1.0> 
PFFCR<FF2TRG1,0>/ 
PFFCR<FF3TRG1,0> 



Interrupt 
control 



INTT2 
/INTT3 



P0MOD<PWM0INT>/ 
P1M0D<PWM1INT> 



Figure 3.8 (12). Block Diagram of 8-Bit Timer Mode 
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3.9 16-Bit Timer 

The TMP96C081 F contains two (timer 4 and tinner 5) multi- 
functional 1 6-bit timer/event counter with the following opera- 
tion modes. 

• 1 6-bit interval timer mode 

• 1 6-bit event counter mode 

• 1 6-bit programmable pulse generation (PPG) mode 

• Frequency measurement mode 

• Pulse width measurement mode 



• Time differential measurement mode 

Timer/event counter consists of 16-bit up-counter, two 
1 6-bit timer registers, two 1 6-bit capture registers (one of them 
applies double-buffer), two comparators, capture input con- 
troller, and timer flip-flop and the control circuit. 

Timer/event counter is controlled by four control regis- 
ters: T4MOD/T5MOD, T4FFCR/T5FFCR, TRUN and T45CR. 

Figure 3.9 (1) and (2) show the block diagram of 16-bit 
timer/event counter (timer 4 and timer 5). 
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~7V 



'TV 



upper byte 



T4MOD<CAP1IN> L 
Software Capture 



Capture 
control 

t t 

T4M0D 
<CAP12M1, M0> 
TI4 



Capture register 1 
CAP1 



?iT16 - 



4 i 

T4MOD < T4CLK1,0> 



Comparator 
CP4 



Upper byt< 



Register buffer4 



16-bit up-counter 
UC4 



TRUN<T4RUN> 



Match 
detection 



Upper byte 



Capture register 2 
CAP2 



Trigger 



TRUN<T4RUN> 



T4M0D<CLE> 



Comparator 
CPS 





T4MOD<CAP2T5. EQ5T5> 
T4FFCR 



Timer 

F/F 
Control 



T04 
T05 



PGO 2^ 
shift t-i- 
trigger 



Match 
detection 



77 



T45CR<DB4EN> 
Lower byte 



Upper byte 



"TV 



Lower byte 



Figure 3.9 (1). Block Diagram of 16-Bit Timer (Timer 4) 



MCU900-524 



TOSHIBA AMERICA ELECTRONIC COMPOMENTS, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C081F 



"77" 



~7y 



upper byte 



Lower byte 



Upper byte 



Lower byte 



T5MOO<CAP3IN> 
Software Captu 



Capture register 3 
CAP3 



TFF1- 
TI6- 
TI5-1 



Capture 
control 



T5MOD "^'^ ~ 

<CAP34M1,M0> 

viT16- 



1 6-bit up-counter 
UC5 



I 4 

T5MOD<T6CLK1,0> 



TRUN<T5RUN> 



Comparator 
CP6 

T\ 



Match 
detection 



TREG6 



Register buffer 6 



4 \ 



Capture register 4 
CAP4 



Trigger 



TRUN<T5RUN> 



T5M0D<CLE> 



Comparator 
CP7 





Timer 

F/F 
Control 



nil 



shift 
trigger 



Match 
detection 



T45CR<DB6EN> 
Lower byte 



Upper byte 



Lower byte 



Figure 3.9 (2). Block Diagram of 16-Bit Timer (Timer 5) 
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7 6 


5 


4 3 


2 


1 


bit Symbol 


CAP2T5 : EQ5T5 


CAP1IN 


CAP12M1 :CAP12M0 


CLE 


T4CLK1 i T4CLK0 


Read/Write 


R/W 


W 


R/W 


R/W 


R/W 


After reset 








1 











Function 


TFF5 invert trigger 
0: Disable trigger 
1 : Enable trigger 


0: Soft- 
Capture 

1: don't 
care 


Capture timing 
00: Disable 

INT4 occurs at rise edge. 
01:TI4T TISt 

INT4 occurs at rise edge. 
10:TI4T TI4i 

INT4 occurs at fall edge. 
n:TFnt TFFU 

INT4 occurs at rise edge. 


1: UC4 
Clear 
Enable 


Timer 4 source clock 

00:TI4 

01: ^T1 

10: s5T4 

11: yST16 


Invert 
when the 
UC value is 
loaded to 
CAP2 


Invert 
when the 
up-counter 
matches 
TREG5 



Timer 4 input clock 



00 


External clock (TI4) 


01 


j5T1 (8/fc) 


10 


^JA (32/fc) 


11 


,5T16(128/fc) 



Clearing the up-counter UC4 

Clear disable 

1 Clear by match with TRE65. 



Figure 3.9 (3). 16-Bit Timer Mode Controller Register (T4M0D) (1/2) 
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7 6 


5 


4 3 


2 


1 


bit Symbol 


CAP2T5 


EQ5T5 


CAP1IN 


CAP12M1 ;CAP12IVI0 


CLE 


T4CLK1 ; T4CLK0 


Read/Write 


R/W 


W 


RW 


RAN 


RW 


After reset 








1 











Function 


TFF5 invert trigger 
0: Disable trigger 
1: Enable trigger 


0: Soft- 
Capture 

1: don't 
care 


Capture timing 
00: Disable 

INT4 occurs at rise edge. 
01:ti4T tist 

INT4 occurs at rise edge. 
10:TI4t TI44 

INT4 occurs at fall edge. 

INT4 occurs at rise edge. 


1: UC4 
Clear 
Enable 


Timer 4 source clock 

00:TI4 

01: 

10: 

11: ^T16 


Invert 
when the 
UC value is 
loaded to 
CAP2 


Invert 
when the 
up-counter 
matches 
TREG5 



I , I I , I 



— *' Capture timing of timer4 





Capture control 


INT4 control 


00 


Capture disable 


Interrupt occurs 
at the rise edge jr~ 
of TI4 (INT1) 
input. 


01 


CAP1 atTI4rise 
CAP2 at Tl 5 rise 


10 


CAP1 atTI4 rise 
CAP2 atTI4fall 


Ihterrupt occurs — . 
at the fall edge v- 
of TI4 (INT1) 
input. 


11 


CAPl atTFFI rise 
CAP2 atTFFI fall 


Interrupt occurs .— 
at the rise edge -f 
of TI4 (INT1) 
input. 



Software capture 

The up-counter4 value is loaded to CAPl 
(software capture). 

1 Always read as "1". 



Timer flip-flop 5 (TFF5) invert trigger 

Trigger disable (Invert Prohibition) 

1 Trigger enable (Invert permission) 



CAP2T5 : Invert when the up-counter value is loaded to CAP2 
EQ5T5 : Invert when the up-counter matches TREG5 



Figure 3.9 (4). 16-Bit Controller Register (T4M0D) (2/2) 
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7 6 


5 4 


3 


2 


1 


bit Symbol 


TFF5C1 i TFF5C0 


CAP2T4 ; CAP1T4 


EQ5T4 


EQ4T4 


TFF4C1 ! TFF4C0 


Read/Write 


W 


R/W R/W 


RW 


R/W 


W 


After reset 




















Function 


00: Invert TFF5 
01: Set TFF5 
10: Clear TFF5 
11 : don't care 

Always read as "11". 


TFF4 invert trigger 
0: Disable trigger 
1: Enable trigger 


00: Invert TFF4 
01: Set TFF4 
10: Clear TFF4 
1 1 : don't care 

^ Always read as 
"11" 


nvertwhen 
the UC value 
i loaded to 

CAP2 


Invert when 
the UC value 
is loaded to 
CAP1 


Invert when 
the UC 
matchei 
TREG5 


Invert when 
the UC 
matches 
TREG4 


1 1 1 



^ Timer flip-flop 4 (TFF4) control 



00 


Inverts the TFF4 value (software inversion). 


01 


SetsTFF4to "1". 


10 


Clear TFF4 to "0". 


11 


Don't care (Always read as " 1 1 ") . 



»■ Timer flip-flop 4 (TFF4) invert trigger 

Trigger disable (Invert prohibition) 

1 Trigger enable (Invert permission) 

CAP2T4 : Invert when the up-counter value is loaded to CAP2 

CAP1T4 : Invert when the up-counter value is loaded to CAP1 

EQ5T4 : Invert when up-counter matches TREG5 

EQ4T4 : Invert when up-counter matches TREG4 



Timer flip-flop 5 (TFF5) control 



00 


Inverts the TFF5 value (software inversion). 


01 


SetTFFS to"1". 


10 


Clear TFF5 to "0". 


11 


Don't care (Always read as " 1 1 ".) 



Figure 3.9 (5). 16-Bit Timer 4 F/F Control (T4FFCR) 
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7 6 


5 


4 3 


2 


1 


bit Symbol 




CAP3IN 


CAP34M1 :CAP34M0 


CLE 


T5CLK1 ; T5CLK0 


Read/Write 




W 


fVW 


R/W 


RW 


After reset 




1 














Function 




0: Soft- 
Capture 

1: don't 
care 


Capture timing 
00: Disable 

INT6 occurs at rise edge 
01:Tl6t TI7t 

INT6 occurs at rise edge. 
10:TI6t TI6i, 

INT6 occurs at fall edge 
11:TFFlt TFFli 

INT4 occurs at rise edge. 


1: UC5 
Clear 
Enable 


Timer 5 source clock 

00:TI6 

01: yiTI 

10: ,114 

11: ^T16 


1 





Timer 5 input clock 



00 


External clock {TI4) 


01 


(8/fc) 


10 


^T4 (32/fc) 


11 


?m6(128/fc) 



Clearing the up-counter UC5 

Clear disable 

1 Clear by match with TRE67 



Figure 3.9 (6). 16-Bit Timer Mode Control Register (T5M0D) (1/2) 
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7 6 


5 


4 3 


2 


1 


bit Symbol 




CAP3IN 


CAP34M1 :CAP34M0 


CLE 


T5CLK1 1 T5CLK0 


ReadAWrite 




W 


fVW 


R/W 


R/W 


After reset 




1 















0: Soft- 
Capture 

1 : don't 
care 


Capture timing 
00: Disable 

INT6 occurs at rise edge. 
01:Tl6t TI7t 

INT6 occurs at rise edge 
10:TI6t TI6i 

INT6 occurs at fall edge. 
11:TFMt TFFU 

INT4 occurs at rise edge. 


1: UC5 
Clear 
Enable 


Timer 5 source clock 

00:TI6 

01: ^T1 

10: ^T4 

11: ViT16 



Timer 5 Capture timing 





Capture control 


INT4 Control 


00 


Capture disable 


Interrupt occurs 
at the rise edge 
of TI6 (INT6)jr- 
input. 


01 


CAP3 atTI6rise 
CAP4 atTI7rise 


10 


CAP3 atTISrise 
CAP4 atTiefall 


Iritei'rupt occurs 
at the fall edge _ 
of TI6 (INT6) \_ 
input. 


11 


CAP3 atTFFI rise 
CAP4 atTFFI fall 


Iriterrupt occurs 
at the rise edge ^ 
of TI6 {INT6) J 
input. 



Software capture 

The up-counter 5 value is loaded to CAP3. 

1 Always read as "1". 



Figure 3.9 (7). 16-Bit Timer Control Register (T5MOD) (2/2) 
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7 


6 


5 


4 


3 


2 




T5FFCR 


bit Symbol 




CAP4T6 


CAP3T6 


; EQ7T6 


EQ6T6 


TFF6C1 ; TFF6C0 


(0049H) 


Read/Write 




IVW 


R/W 




R/W 


W 




After reset 



























TFF6 invert trigger 
0: Disable trigger 
1: Enable trigger 


00: Invert TFF6 
01 .Set TFF6 
10: Clear TFF6 




Function 






Invert when 
the UC value 
is loaded to 

CAP4 


Invert when 
the UC value 
IS loaded to 
CAP3 


i Invert when 
jthe UC 
: matches 

: TREG7 


Invert when 
the UC 
matches 

TREG6 


1 1 : don't care 

^ Always read as 
"11" 


1 1 



L Timer flip-flop 6 (TFF6) control 



00 


Inverts the TFF4 value (software inversion). 


01 


SetsTFF6to "1". 


10 


Clear TFF6 to "0". 


11 


Don't care (Always read as " 1 1 ") . 


Timer flip-flop 6 (TFF6) invert trigger 





Trigger disable (Invert prohibition) 


1 


Trigger enable (Invert permission) 



CAP4T6 : Invert when the up-counter value is loaded to CAP4 

CAP3T6 : Invert when the up-counter value is loaded to CAP3 

EQ7T6 : Invert when up-counter matches TREG7 

EQ6T6 : Invert when up-counter matches TREG6 



Figure 3.9 (8). 16-Bit Timer 5 F/F Control (T5FFCR) 
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7 6 


5 : 4 : 3 ; 2 ; 1 ; 


bil Symbol 




^'^'^v^^^P^-^^; PG1T : PGOT i DB6EN i DB4EN 


ReadAVrite 


R/W 




After reset 





; : 1 







Fix at "0" : jPGI shift -PGOshift 

ITrigger ; Trigger 

;o:8b.t jo:8bit 1°= '^'"'^'e 

; Timer Trigger-Timer Trigger: 1 : Enable 
:(T.mer0.n :(Timer0.1) 
;1:16^t ;,:,6b.t l^^^^^,^^ 
: Timer Trigger; Timer Trigger-; jj^ggg 
-:{Timer5) :(Timer4) 


Double 
buffer of 
TREG4 


1 



L Double buffer countrol 

Disable 

1 Enable 



DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 

Figure 3.9 (9). 16-Bit Timer (Timer 4, 5) Control Register (T45CR) 





7 < 


) i 5 i 4 i 3 i 2 : 


1 





bit Symbol 


PRRUN 


T5RUN : T4RUN j PI RUN \ PORUN i 


T1RUN 


TORUN 


Read/Write 


R/W 


R/W 






After reset 




; ; : i : 










Prescaler & Timer Run/Stop CONTROL 
0: Stop & Clear 
1 : Run (Count up) 



Operation of 1 6-bit timer (timerA) 

Stop and clear 

1 Count 



Operation of 16-bit timer (timerS) 

Stop and clear 

1 Count 



Operation of prescaler 

STOP and clear 

1 Count 



Figure 3.9 (10). Timer Operation Control Register (TRUN) 
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® Up-counter (UC4/UC5) 

UC4/UC5 is a 1 6-bit binary counter which counts up 
according to the input clocl< specified by T4M0D 
<T4CLK1 , 0> or T5M0D <T5CLK1 , 0> register. 
As the input clock, one of the internal clocks T1 (8/ 
fc), T4 (32/fc). and T1 6 (1 28/fc) fronn 9-bit prescaler 
(also used for 8-bit tinner), and external clock from TI4 
pin (also used as P80/INT4 pin) or TI6 (also used as 
P84/INT6 pin) can be selected. When reset, it will be 
initialized to <T4CLK1 , 0>/<T5CLK1 , 0> = 00 to select 
TI4/ri6 input mode. Counting or stop and clear of the 
counter is controlled by timer operation control register 
TRUN <T4RUN, T5RUN>. 

When clearing is enabled, up-counter UC4/UC5 will be 
cleared to zero each time it coincides matches the 



timer register TREG5, TREG7. The "clear enable/dis- 
able" is set by T4M0D <CLE> and T5M0D <CLE>. 
If clearing is disabled, the counter operates as a free- 
running counter. 

(D Timer Registers 

These two 1 6-bit registers are used to set the interval 
time. When the value of up-counter UC4/UC5 matches 
the set value of this timer register, the comparator 
match detect signal will be active. 
Setting data for timer register n'REG4, TREG5, TREG6 
and TREG7) is executed using 2 byte date transfer 
instruction or using 1 byte date transfer instruction 
twice for lower 8 bits and upper 1 bits in order. 



TREG4 



Upper 8 bits 
000031 H 



Lower 8 bits 
000030H 



TREG5 



Upper 8 bits 
000033H 



Lower 8 bits 
000032H 



TREG6 



Upper 8 bits 



Lower 8 bits 



000041 H 



000040H 



TREG7 



Upper 8 bits 



Lower 8 bits 



000043H 



000042H 



TREG4 and TREG6 timer register is of double buffer 
structure, which is paired with register buffer. The timer 
control register T45GR <DB4EN, DB6EN> controls 
whether the double buffer structure should be enabled 
or disabled. : disabled when <DB4EN, DB6EN> = 0, 
while enabled when <DB4EN, DB6EN> = 1 . 
When the double buffer is enabled, the timing to trans- 
fer data from the register buffer to the timer register is 
at the match between the up-counter (UG4/UC5) and 
timer register TREG5yTREG7. 
When reset, it will be initialized to <DB4EN, DB6EN> = 
0, whereby the double buffer is disabled. To use the 
double buffer, write data in the timer register, set 
<DB4EN, DB6EN> = 1 , and then write the following 
data in the register buffer. 

TREG4, TREG6 and register buffer are allocated to the 



same memory addresses 000030H/000031 H/ 
0000400H/000041H. When <DB4EN, DB6EN> = 0, 
same value will be written in both the timer register and 
register buffer. When <DB4EN, DB6EN> = 1 . the value 
is written into only the register buffer. 

(D Capture Register 

These 16-bit registers are used to hold the values of 
the up-counter. 

Data in the capture registers should be read by a 2- 
byte data load instruction or two 1 -byte data load 
instruction, from the lower 8 bits followed by the upper 
8 bits. 
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CAP1 



Upper 8 bits 



Lower 8 bits 



000035H 



000034H 



CAP 2 



Upper 8 bits 



Lower 8 bits 



000037H 



000036H 



CAP 3 



Upper 8 bits 



Lower 8 bits 



000045H 



000044H 



CAP 4 



Upper 8 bits 



Lower 8 bits 



000047H 



000046H 



® Capture Input Control 

This circuit controls the timing to latch the value of up- 
counter UC4/UC5 into (CAP1 , CAP2)/(CAP3, CAP4). 
The latch timing of capture register is controlled by reg- 
ister T4M0D <CAP1 2M1 . 0>A"5MOD <CAP34M1 , 0>. 



• When T4M0D <CAP1 2M1 , 0>/r5MOD 
<CAP34M1,0> = 00 

Capture function is disabled. Disable is the 
default on reset. 

• When T4M0D <CAP1 2M1 , 0>/T5MOD 
<CAP34M1,0> = 01 

Data is loaded to CAP1 , CAP3 at the rise edge 
of TI4 pin (also used as P80/INT4) and TI6 pin (also 
used as P84/INT6) input, while data is loaded to 
CAP2, CAP4 at the rise edge of TI5 pin (also used as 
P81/INT5 and TI7 pin (also used as P85/INT7) input. 
(Time difference measurement) 

• When T4M0D <CAP1 2M1 , 0>^5MOD 
<CAP34M1,0> = 10 

Data is loaded to CAP1 at the rise edge of TI4 
pin input and to CAP3 at the rise edge of TI6, while to 
CAP2, CAP4 at the fall edge. Only in this setting, 
interrupt INT4/INT6 occurs at fall edge. (Pulse width 
measurement) 

• When T4M0D <CAP1 2M1 , 0>/T5MOD 
<CAP34M1.0> = 11 

Data is loaded to CAP1 , CAP3 at the rise edge of timer 
flip-flop TFF1 , while to CAP2, CAP4 at the fall edge. 
Besides, the value of up-counter can be loaded to 
capture registers by software. Whenever "0" is written 
in T4M0D <CAPIN>, T5M0D <CAP31 N> the current 
value of up-counter will be loaded to capture register 
CAP1/CAP3. It is necessary to keep the prescaler in 
RUN mode (TRUN <PRRUN> to be "1"). 



® Comparator 

These are 1 6-bit comparators which compare the up- 
counter UC4/UC5 value with the set value of CTREG4, 
TREG5)/CrREG6. TREG7) to detect the match. When a 
match is detected, the comparators generate an interrupt 
(INTT4, INTT5)/(INTr6, INTT7) respectively The up- 
counter UC4/UC5 is cleared only when UC4/UC5 
matches TREG5/TREG7. (The clearing of up-counter 
UC4/UC5 can be disabled by setting T4M0D <CLE>/ 
T5M0D <CLE> = 0.) 

© Timer Flip-Flop (TFF4/TFF6) 

This flip-flop is inverted by the match detect signal from 
the comparators and the latch signals to the capture 
registers. Disable/enable of inversion can be set for 
each element by T4FFCR <CAP2T4, CAP1T4, EQ5T4, 
EQ4T4>/T6FFCR <CAP4T6, CAP3T6, EQ7T6, 
EQ6T6>. TFF4/TFF6 will be inverted when "00" is writ- 
ten in T4FFCR <TFF4C1 , 0>/r6FFCR <TFF6C1 , 0>. 
Also it is set to "1 " when "10" is written, and cleared to 
"0" when "10" is written. The value of TFF4ArFF6 can 
be output to the timer output pin T04 (also used as 
P82) and T06 (also used as P86). 

(Z) Timer Flip-Flop (TFF5) 

This flip-flop is inverted by the match detect signal from 
the comparator and the latch signal to the capture reg- 
ister CAP2. TFF5 will be inverted when "00" is written 
in T4FFCR <TFF5C1 , 0>/T6FFCR <TFF6C1 , 0>. Also it 
is set to "1" when "10" is written, and cleared to "0" 
when "10" is written. The value of TFF5 can be output 
to the timer output pin T05 (also used as P82). 
Note: This flip-flop CTFFS) is contained only in the 16-bit timer 4. 
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(1) 16-bit Timer Mode 

Timers 4 and 5 operate independently. 

Since both timers operate in exactly the same way 



timer 4 is used for the purposes of explanation. 
Generating interrupts at fixed intervals: 
In this example, the interval time is set in the timer reg- 
ister TREG5 to generate the interrupt INTTR5. 



7 6 5 4 3 2 1 
TRUN <- - X - - - - - 
INTET54 1 1 1 



T4FFCR 
T4M0D 

TREG5 



1 1 1 



1 



1 
r = 01,10,11) 



TRUN ^ 1 X - 1 - 
Note: x; don't care -; no change 



Stop timer 4. 

Enable INTTRS and sets interrupt level 4. Disables 

INTTR4. 

Disable trigger. 

Select internal clock for input and disable the capture function. 
Set the interval timer (16 bits). 
Start timer 4. 



(2) 1 6-bit Event Counter Mode 

In 1 6-bit timer mode as described in above, the timer 
can be used as an event counter by selecting the 
external clock (TI4/ri6 pin input) as the input clock. To 
read the value of the counter, first perform "software 
capture" once and read the captured value. 



The counter counts at the rise edge of TI4/TI6 pin 
input. 

TI4/TI6 pin can also be used as P80/INT4 and P84/ 
INT6. 

Since both timers operate in exactly the same way, 
timer 4 is used for the purposes of explanation. 



TRUN <- 

P8CR <r- 

INTET54 <- 

T4FFCR ^ 

T4M0D ^ 

TREG5 <- 

TRUN <r- 











Stop timer 4. 
Set P80 to input mode. 

Enable INTTR5 and sets interrupt level 4, while 
disables INTTR4. 

1 Disable trigger. 

Select TI4 as the input clock. 

Set the number of counts (1 6 bits). 
Start timer 4. 



Note: When used as an event counter, set the prescaler in RUN mode. 
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(3) 1 6-bit Programmable Pulse Generation (PPG) Output 
Mode 

Since both timers operate in exactly the same way, 
timer 4 is used for the purposes of explanation. 



The PPG mode is obtained by inversion of the timer 
flip-flop TFF4 that is to be enabled by the match of the 
up-counter UC4 with the timer register TREG4 or 5 
and to be output to T04 (also used as P82). In this 
mode, the following conditions must be satisfied. 

(Set value of TREG4) < (Set value of TREG5) 



TRUN 
TREG4 
TREG5 
T45CR 

T4FFCR 



P8CR 
P8FC 
TRUN 



7 6 5 4 3 2 
- X - - - 



110 110 



T4M0D ^ 1 1 
(** = 01,10.11) 



Stop timer 4. 

Set the duty (16 bits). 

Set the cycle (16 bits). 

Double buffer of TREG4 enable. 

(Changes the duty and cycle at the interrupt INTTR5) 

Set the mode to invert TFF4 at the match with 

TREG4/TREG5, and also sets TFF4 to "0". 

Select internal clock for input and disables the capture function. 

) Assign P82 as T04. 
Start timer 4. 



Note: x; don't care -; no change 



Match with TREG4 
(interrupt INTTR4) . 

Match with TREG5 
(interrupt INTTR5)- 

T04 pin 



n n n [l 



i_r~Lr~Lr 



Figure 3.9 (11). Programmable Pulse Generation (PPG) Output Waveforms 
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When the double buffer of TREG4 is enabled in this at match with TTREG5. This feature nnakes easy the handling of 

nnode, the value of register buffer 4 will be shifted in TREG4 low duty waves. 



Match with TREG4 



Match withTREGS 

TREG4 
(value to be 
compared) 

Register buffer 



Up-counter = Qi 



Qi 



Up-counter = 02 



Shift into the TREG5 



02 



7?^ 



02 



Q3 



Write into theTREG4 



Figure 3.9 (12). Operation of Register Buffer 

Shows the block diagrann of this nnode. 



TRUN<T4RUN> 



TI4 

yiT4 — ^ 



16-Bit up-counter 
UC4 



J 



T04 (PPG output) T05 



16-Bit Comparator 
T^v 



5Z. 



F/F 




F/F 


(TFF4) 




(TFF5) 



16-Bit Comparator 



TREG4 

—Ty- 



TREG4-WR 



T45CR<DB4EN> 



Register buffer 4 





TREG5 



Figure 3.9 (13). Blocic Diagram of 16-Bit PPG Mode 
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(4) Application Examples of Capture Function 

The loading of up-counter (UC4) values into the cap- 
ture registers CAP1 and CAP2, the timer flip-flop TFF4 
inversion due to the match detection by comparators 
CP4 and CPS, and the output of TFF4 status to T04 
pin can be enabled or disabled. Combined with inter- 
rupt function, they can be applied in many ways, for 
example: 

® One-shot pulse output from external trigger pulse 
® Frequency measurement 
(D Pulse width measurement 
@ Time difference measurement 



® One-Shot Pulse Output from External Trigger Pulse 

Set the up-counter UC4 in free-running mode with the 
internal input clock, input the external trigger pulse 
from TI4 pin, and load the value of up-counter into 
capture register CAP1 at the rise edge of the TI4 pin. 
Then set to T4M0D <CAP1 2M1 , 0> = 01 . 
When the interrupt INT4 is generated at the rise edge 
of TI4 input, set the CAP1 value (c) plus a delay time (d) 
to TREG4 (= c + d), and set the aloove set value (c + d) 
plus a one-shot pulse width (p) to TREG5 (= c + d + p). 
When the interrupt INT4 occurs the T4FFCR <EQ5T4, 
EQ4T4> register should be set that the TFF4 inversion 
is enabled only when the up-counter value matches 
TREG4 or TREG5. When interrupt INTTR5 occurs, this 
inversion will be disabled. 



^ Set the counter in free-running mode. 

.S?"",'!"!^ -lUlMUl JlIlIlllIL__JlilllIl__JlIllUl. 



(internal clock) 

TI4 pin input 
(external trigger pulse) 



Match with TREG4 



Match with TREG5 



Timer output pin T04 . 



c + d 



c + d p 



[L. Load the up-counter value into Captu 
1^ Register 1 (CAP1) INT4 occurred 



Inversion 
enable 



r INTTR5 occt|rred 



Disables inversionl 
caused by loading \ 
^ of the up-counter 
ij( value into CAP1. 

Delay time 
(d) 



I Inversion 
! enable 



Figure 3.9 (14). One-Shot Pulse Output (with Delay) 
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Setting Example: To output 2ms one-shot pulse with 3ms delay to the external trigger pulse to TI4 pin. 



Main setting 
T4M0D <- 



I r 

10 10 1 

I I 



T4FFCR 1 1 1 
I I I L 



P8CR ^ - 

P8FC <r- X 

INTE45 <r- - 

INTET54 <- 1 

TRUN <r- 1 



Keep counting (Free-running). 
Count with 0T1 . 

Load the up-counter value into CAP1 at the rise edge of TI4 pin input. 

Clear TFF4 to zero. 
Disable TFF4 inversion. 



- - 110 
1 



) Select P82 as the T04 pin. 



1 



Enable INT4. and disables INTTR4 and INTTR5. 
Start timer 4. 



Setting oflNT4 
TREG4 

TREG5 <r- 
T4FFCR <- 

INTET54 <- 



CAP1 + 3ms/0T1 
TREG4 + 2ms/(^T1 



1 1 

I L 



110 



Enable TFF4 inversion when the up-counter value matches TREG4 or 5. 
Enable INTTR5. 



Setting of INT5 

T4FFCR <----- 

L 

INTET54 <- 1 
Note: x; don't care -; no change 







Disable TFF4 inversion when the up-counter value matches TREG 4 or 5. 
Disable INHRS. 



When delay time is unnecessary, invert timer flip-flop 
TFF4 when the up-counter value is loaded into capture register 
1 (CAP1), and set the CAP1 value (c) plus the one-shot pulse 
width (p) to TREG5 when the interrupt INT4 occurs. The TFF4 



inversion should be enabled when the up-counter (UC4) value 
matches TREG5, and disabled when generating the interrupt 
INTTR5. 
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Ji fiflii — -JMiL nn iL 

TI4pin input I | 

(external trigger pulse) d2«^,« *^,^i"/?-*ao'i"^*1itvi'"® Capture 



Match withTREGS 



Timer output pin T04 



/ 



Enables inversion caused 
by loacJing of the up- 
counter value into CAP1. 



Regrster'"KpV).'TNY4 occurred"' 

/^INTTRS 
occurred 



Load the up-counter value into 
Capture Register 2 {CAP2). 



Pulse width 



Disables inversion caused by loading of 
the up-counter value into CAP2. 



Figure 3.9 (15). One-Shot Pulse Output (without Delay) 



(D Frequency Measurement 

The frequency of the external clock can be measured 
in this mode. The clock is input through the TI4 pin, 
and its frequency is measured by the 8-bit timers 
(Timer and Timer 1) and the 16-bit timer/event 
counter (Timer 4). 

The TI4 pin input should be selected for the input clock 



of Timer 4. The value of the up-counter is loaded into 
the capture register CAP1 at the rise edge of the timer 
flip-flop TFF1 of 8-bit timers (Timer and Timer 1), and 
into CAP2 at its fall edge. 

The frequency is calculated by the difference between 
the loaded values in CAP1 and CAP2 when the inter- 
rupt (INTTO or INTT1) is generated by either 8-bit timer. 



^ Countcloc. JUIUIL. 
(internal clock) ^-^ 



__jm 

C2 



TFF1 

Loading UC16 into CAP1 
Loading UC16 into CAP2 
TNTT0/INTT1 



7^. 




hi 










iic. 





Figure 3.9 (16). Frequency Measurement 



For example, if the value for the level "1 " width of TFF1 
of the 8-bit timer is set to 0.5 sec. and the difference 



between CAP1 and CAP2 is 100, the frequency will be 
100/0.5[s] = 200[Hz]. 



MCU900-540 



TOSHIBA AMERICA ELECTRONIC COMPOIMEIMTS, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C081F 



d) Pulse Width Measurement 

This mode allows measuring the "H" level width of an 
external pulse. While keeping the 1 6-bit timer/event 
counter counting (free-running) with the internal clock 
input, the external pulse is input through the TI4 pin. 
Then the capture function is used to load the UC4 val- 
ues into CAP1 and CAP2 at the rising edge and falling 



edge of the external trigger pulse respectively. The 
interrupt INT4 occurs at the falling edge of TI4. 
The pulse width is obtained from the difference 
between the values of CAP1 and CAP2 and the inter- 
nal clock cycle. 

For example, if the internal clock is 0.8 microseconds 
and the difference between CAP1 and CAP2 is 100, 
the pulse width will be 1 00 x 0.8 = 80 microseconds. 



Count clock 
(internal clock) 

TI4 pin 

(external pulse) 
Loading UC 16 into CAP1 

Loading UC1 6 into CAP2 

INT4 



jimuuin iiiiiiiiiL____ 

CI C2 



-4. 




A 1 


! r 

i li 












1 



Figure 3.9 (17). Pulse Width Measurement 

Note: Only in this pulse width measuring mode (T 4M0D <CAP1 2M1 , 0> = 10), external interrupt INT4 occurs at the falling edge of TI4 pin input. In other 
modes, it occurs at the rising edge. 



The width of "L" level can be measured from the differ- 
ence between the first C2 and the second C1 at the 
second INT4 interrupt. 

® Time Difference Measurement 

This mode is used to measure the difference in time 
between the rising edges of external pulses input 
through TI4 and TI5. 

Keep the 1 6-bit timer/event counter (Timer 4) counting 



(free-running) with the internal clock, and load the UC4 
value into CAP1 at the rising edge of the input pulse to 
TI4. Then the interrupt INT4 is generated. 
Similarly, the UC4 value is loaded into CAP2 at the ris- 
ing edge of the input pulse to TI5, generating the inter- 
rupt INT5. 

The time difference between these pulses can be 
obtained from the difference between the time counts 
at which loading the up-counter value into CAP1 and 
CAP2 has been done. 
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(internal clock) 
TUpin input 
TI5 pin input 
Loading UC16into CAP1 



^-l^ J1I1ML__. __JipiL. 



Loading UC16 into CAP2 
INT1 



Time difference 



Figure 3.9 (18). Time Difference Measurement 



(5) Different Phased Pulses Output Mode 

In this output mode, signals with any different phase 
can be outputted by free-running up-counter UC4. 



When the value in up-counter UC4 and the value in 
TREG4 (TREG5) match, the value in TFF4 CTFFS) is 
inverted and output to T04 (T05). 
This mode can only be used by 1 6-bit timer 4. 



Counter 

(free-running) 

Match with TREG4 
Match with TREG5 

T04 

T05 




Figure 3.9 (19). Phase Output 



Cycles (counter overflow time) of the above output 
waves are listed below. 





20MHz 


0T1 


0.819ms 




3.277ms 


0T16 


13.11ms 
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3.10 Stepping Motor Control/Pattern Generation Port 

TMP96C141/TMP96CM40/TMP96PM40 contains 2 chan- 
nels (PGO and PG1) of 4-bit hardware stepping motor control/ 
pattern generation (herein after called PG) which actuate in 
synchronization with the (8-bit/1 6-bit) timers. The PG (PGO 
and PG1) are shared in 8-bit I/O ports P6. 



Channel (PGO) is synchronous with 8-bit timer or 
timer 1 , 1 6-bit timer 5, to update the output. 

The PG ports are controlled by control registers 
(PG01CR) and can select either stepping motor control mode 
or pattern generation mode. Each bit of the P6 can be used as 
the PG port. 



b7 



b3 



be 



b5 



b1 



bO 



1-2 excitation 



SA03 

TZ. 



SA02 



SAOO 

■"TZ 



PG03 



1/2 excitat on 



PG01 



PGOO 



□ P63/PG03 
(P67/PG13) 



P62/PG02 
^ (P66/PG12) 



.►n P61/PG01 
'— ' (P65/PG11) 



•.n P60/PG00 
^ (P64/PG10) 







— c 




0* c 






«» o 






> 









Figure 3.10 (1). PG Block Diagram 
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7 : 6 . 5 ; 4 


3 : 2 : 1 i 


bit Symbol 


PAT1 i CCW1 1 PG1M i PG1TE 


PATO j CCWO i PGOM i PGOTE 


R6dd/Writ6 


R/W 


R/W 


After reset 














1 i 


Function 


PG1 write 
mode 

0: 8bit 
write 

1 : 4bit 
write 


PG1 

Rotaing 
direction 

0: Normal 
rotation 

1 : Reverse 
rotation 


PG1 mode iPGI 
(excitation):trigger 
0: lexcitationiinput 
or .'enable 

2excitation:. .. , , 

:0: disable 

;i: enable 
excitation : 


PGO write 
mode 

0: 8bit 
write 

1:4bit 
write 


PGO iPGOmode iPGO 
Rotaing :(excitation)itrigger 
direction 10: lexcitatiorf input 

. , : or ienable 
0: Normal 

rotation.;^. ««'***'°«:0: disable 

1: Reverse i ' " :1: enable 
^ ^. excitation' 
rotation: 



L 



PGO Trigger input enable 

Trigger input disable to PGO 

1 Trigger input enable to PGO 



Set the operation mode of PGO 

1 or 2 excitation (full step) 

1 1 -2 excitation (half step) / PG mode 



PGO (stepping motor control) 
Rotaing direction control 

Normal rotation / PG mode 

1 Reverse rotation 



Selecting PGO write mode 

8-bit write 

^ 4-bit write /PG mode 

(Only shifter alternate register can be 
written.) 



Figure 3.10 (2a). Pattern Generation Control Register (PG01CR) 
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7 


6 


5 


4 


3 


2 


1 


bit Symbol 


PAT1 


CCW1. 


PG1M 


PG1TE 


PATO 


CCWO 


PGOM i PGOTE 


Redd/Write 


R/W 


R/W 


After reset 























Function 


PG1 write 
mode 

0: 8bit 
write 

1: 4bit 
write 


PG1 

Rotaing 
direction 

0: Normal 
rotation 

1 : Reverse 
rotation 


PG1 mode 
(excitation) 
0: 1 excitation 

1: 1.2 


?G1 
trigger 
input 
enable 

0: disable 
1 : enable 


PGO write 
mode 

0: 8bit 
write 

1: 4bit 
write 


PGO 

Rotaing 
direction 

0: Normal 
rotation 

1: Reverse 
rotation 


PGO mode iPGO 
(excitation^ trigger 

0: Itxcitatioa; input 

or : enable 

^.J*;"*Ho: disable 

:1: enable 
excitation : 



PG1 trigger input enable 

Trigger input disable to PG1 

1 Trigger input enable to PG1 



Set the operation mode of PG1 

1 or 2 excition (full step) 

1 1 -2 excitation (half step) / PG mode 



PGl (stepping motor control) 
Rotaing direction control 

Normal rotation / PG mode 

1 Reverse rotation 



Selecting PGl write mode 

8-bit write 

^ 4-bit write / PG mode 

(Only shifter alternate register can be 
written.) 



Figure 3.10 (2b). Pattern Generation Control Register (PG01CR) 
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PGOREG 
(004CH) 





7 


6 


5 


4 


3 2 


1 





bit Symbol 


PG03 


PG02 


PG01 


PGOO 


SA03 SA02 


SA01 


SAOO 


Read/Write 


W 


R/W 


After reset 














Undefined 


Function 


Pattern Generation (PGO) output latch register 
(Reading ttie P6 that is set to the PG port allows to read-out.) 


Shift alternate register 
For the PG mode (4-bit write) register 



Prohibit Read 
modify write 



Figure 3.10 (3). Pattern Generation Register (PGOREG) 





7 


6 


5 


4 


3 2 


1 





bit Symbol 


PG13 


PG12 


PG11 


PG10 


SA13 SA12 


SA11 


SA10 


Read/Write 


W 


R/W 


After reset 














Undefined 


Function 


Pattern Generation 1 (PG1) output latch register 
(Reading the P6 that is set to the PG port allows to read-out.) 


Shift alternate register 1 
For the PG mode {4-bit write) register 



PG1REG 
(004DH) 



Prohibit Read 
modify write 



Figure 3.10 (4). Pattern Generation 1 Register (PG1 REG) 
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7 6 ;5 :4i3i2:i !0 


bit Symbol 




""'■"■■'--^1 ^"""^^ PG1T PGOT i DB6EN 


DB4EN 


Read/Write 


R/W 


R/W 


After reset 





i i i 





Function 


Fix at "0" 

^ Always 
read as 


PG1 Shift jpGO Shift j Ooublc buffer 

trigger -trigger j 0: Disable 
b:8-bittimer !0:8-bittimcr j 1: Enable 
: trigger : trigger 


: (timerO, 1) : (timerO, 1) i [Jouble 
h : 1 6-bit timer j 1 : 1 6bit timer : buffer of 
: trigger i trigger j TREG6 
j (timers) : (timer4) 


Double 
buffer of 
TREG4 



' *• Double buffer control 

Disable 

1 Enable 



DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 



Selecting PGO shift trigger 

8-bit timer trigger (timer 0, 1) 

1 16-bit timer trigger (timer 4) 



Selecting PGl shift trigger 

8-bit timer trigger (timer 0, 1) 

1 16-bit timer trigger (timer 5) 



Write "0" to this bit, when this register is modified. 



Figure 3.10 (5). 16-bit Timer Trigger Control Register (T45CR) 
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8-Bit timer 
ItimerO, 1) 



16-8ittimef 4 



16-Bit ti mer 5 



Select 
B S 



f 

PGOT 



Select 
B S 

f 

PG1T 



Port60-€3 



:PG1 



Figure 3.10 16}. Connection of Timer and Pattern Generator 



(1) Pattern Generation Mode 

PG functions as a pattern generation according to the 
s^tif^ of PG01CR <1W1 >/PMO>. In this mode, writ- 
if^g from CPU is executed only on the shifter alternate 
register. Writing a new data should be done during the 
interrupt operation of the tinner for shift trigger, and a 
pattern can be output synchronous with the timer. 



In this mode, set PG01CR <PGOIVI> and <PG1 M> to 

1, and PQ01CR <OCW0> and <CXW1 > to 0. 

The output of this pattern generator is output to port 6; 

since port and functions can be switched on a bit basis 

using port function control register P6FC, any port pin 

can be assigned to pattern generator output. 

Figure 3.10 (7) shows the block diagram of this mode. 



Trigger Signal f rom Timer 
/Timer Inter ru|it 



Shift att«rr\ale register 
output "~" 
(SA03QO) 

Pattern Generate regitter 
output ~ 
{1»G03-OO} 



=1J 



Writing data to SA3-00o 
I Timer Interrupt 



JL 



± 



n»3 



Example of pa^em generation mode 
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shift alternate register 



BUS2 



BUSO 



SA03 



PG03 
\ 



PG02 



PG01 



□PG03 
(P63) 



□PG02 
(P62) 



port 



□PG01 
(P61) 



r—iPGOO 
*"LJ(P60) 



Shift due to the shift trigger from timer 



Figure 3.10 (7). Pattern Generation Mode Block Diagram (PGO) 



In this pattern generation mode, only writing the output mode. Accordingly, the data shifted by trigger signal from a 
latch is disabled by hardware, but other functions do the same timer must be written before the next trigger signal is output, 
operation as 1 -2 excitation in stepping motor control port 
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(2) Stepping Motor Control Mode 

(D 4-phase 1 -Step/2-Step Excitation 



Figure 3.10 (8) and Figure 3.10 (9) show the output 
waveforms of 4-phase 1 excitation and 4-phase 2 
excitation, respectively when channel (PGO) is 
selected. 



Trigger signal 
from timer 



PG00(P60) 
PG01 (P61) 
PG02 (P62) 
PG03 (P63) 



Jb6 
b7 



JI 



IbS 



J be 

b7 



Initial value PGOREG «- 0100 x x x x 
Note : bn indicates the initial value of PGOREG <- b7 b6 b5 b4 X X X X 

® Normal Rotation 



JL 



Jl_ 



Trigger signal 
from timer 



PG00(P60) 
PG01 (P61) 
PG02 (P62) 
PG03 (P63) 



JL 



-lb7 



JL 



JL 



Initial value PGOREG <- 0100 x x x x 



Jb6 



(D Reverse Rotation 



JL 



Figure 3.10 (8). Output Waveforms of 4-Phase 1-Step Excitation 
(Normal Rotation and Reverse Rotation) 
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Trigger signal 
from timer 



PGOO (P60) 
PGOl (P61) 
PG02 (P62) 
PG03 (P63) 



Jb7 
b4 



Jb7 
b4 



JL 



J" 



JL 



Initial value PGOREG «- 1100 x x x x 



Figure 3.10 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation) 



The operation when channel is selected is 
explained below. 

The output latch of PGO (also used as P6) is shifted 
at the rising edge of the trigger signal from the timer to be 
output to the port. 

The direction of shift is specified by PG01CR 
<CCWO>: Normal rotation (PGOO ^ PG01 -> PG02 
PG03) when <CCWO> is set to "0"; reverse rotation 
(PGOO <r- PG01 PG02 <- PG03) when "1 ". Four-phase 



1 -step excitation will be selected when only one bit is set 
to "1 " during the initialization of PG, while 4-phase 2-step 
excitation will be selected when two consecutive bits are 
set to "1". 

The value in the shift alternate registers are ignored 
when the 4-phase 1 -step/2-step excitation mode is 
selected. 

Figure 3.10 (10) shows the block diagram. 



Shift alternate Register 





b7 










b3 


SA03 




3 






XI 


* b6 










«J 


b2 


SA02 




C 








b5 




<u 








bl 


SAOl 




c 




















bO ^ 


SAOO 











PGO Output latch 



i"L 



PG02 



PGOl 



i"L 



PGOO 



-□pG03{P63) 
-□PG02 (P62) 
•-□PG01(P61) 



'-□pG00(P60) 



jr\_ is showing to shift the signal at the 
rising edge of trigger signal from 
timer. 



Figure 3.10 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation 

(Normal Rotation) 
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4-Phase 1 -2 Step Excitation 



Figure 3.1 (11) shows the output waveforms of 4- 
phase 1 -2 step excitation when channel is selected. 



Trigger signal 
from timer 



PGOO (P60) 
PGOl (P61) 
PG02 (P62) 
PG03 (P63) 



Ji n n n n n 

bO [b7 bi bT" 



bS 



lb2 



b3 
bO 



b1 



t 

Initial value PGOREG *- 11001000 
Note : bn denotes the initial value PGOREG «- hi b6 b5 b4 b3 b2 bl bO 
Q Normal Rotation 



Jb7 

b4 



b3 
bO 



Trigger signal 
from timer 



Jl TL 



ji n n n_ 





















PGOO (P60) 


Ib4 


bl 


bS 


b2 


|b6 


b3 


b7 


1 bO 


















PG01(P61) 


i bS 


b2 


1 b6 


b3 


b7 


|bO 


b4 


bl 


















PG02 (P62) 


; b6 


b3 


b7 


1 bO 


b4 


bl 


b5 


b2 


















PG03 {P63) 


: b7 


|bO 


b4 


bl 


bS 


b2 


1 b6 


b3 



Initial value PGOREG «- 10001100 



® Reverse Rotation 



Figure 3.10 (11). Output Waveforms of 4-Phase 1 -2 Step Excitation 
(Normal Rotation and Reverse Rotation) 
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The initialization for 4-phase 1 -2 step excitation is as 
follows: 

By rearranging the initial value "b7 b6 b5 b4 b3 b2 
b1 bO" to "b7 b3 b6 b2 b5 b1 b4 bO", the consecutive 3 
bits are set to "1 " and other bits are set to "0" (positive 
logic). 

For example, if b7, b3, and b6 are set to "1 ", the ini- 
tial value becomes "11 001 000", obtaining the output 
waveforms as shown in Figure 3.10 (1 1). 

To get an output waveform of negative logic, set val- 
ues 1 s and O's of the initial value should be inverted. For 



example, to change the output waveform shown in Fig- 
ure 3.10 (1 1) into negative logic, change the initial value 
to "001 101 11". 

The operation will be explained below for channel 0. 

The output latch of PGO (shared by P6) and the 
shifter alternate register (SAO) for Pattern Generation are 
shifted at the rising edge of trigger signal from the timer 
to be output to the port. The direction of shift is set by 
PG01GR <CCWO>. 

Figure 3. 1 (1 2) shows the block diagram. 



Shifter alternate 

register 



b3 



be 



b2 



b5 



b4 



bO 



SA03 



SA02 



n. 



PGO Output 



PG03 



PG02 



i~L 



PG01 



i1_ 



- PG03 (P63) 



PG02 (P62) 



PG01 (P61) 



■ PGOO (PGO) 



jr|_ is showing to shift the signal at the rising 
edge of trigger signal from the timer. 



Figure 3.10 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation) 
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Setting example: To drive channel (PGO) by 4-phase 1-2 
step excitation (normal rotation) when 



timer is selected, set each register as follows: 







7 


6 


5 


4 


3 


2 


1 







TRUN 


<— 




X 















stop timer 0, and clears it to zero. 


TMOD 


<- 








X 


X 









1 


Set 8-bit timer mode and selects 0T1 as the input clock of timer 0. 


TFFCR 


<- 


X 


X 


X 





1 





1 





Clear TFF1 to zero and enables ttie inversion trigger by timer 0. 


TREGO 


<- 




* 














Set the cycle in timer register. 


P6CR 


<- 










1 


1 


1 


1 


Set P60 ~ P63 bits to the output mode. 


P6FC 


<— 










1 


1 


1 


1 


SetP60~P63bitstothe PG output. 


PG01CR 


<— 
















1 


1 


Select PGO 4-phase 1-2 step excitation mode and normal rotation. 


PG0RE6 


<- 


1 


1 








1 











Set an initial value. 


TRUN 


<- 


1 


X 












1 


Start timer 0. 


Note: x; don't care 




no change 













(3) Trigger Signal From Timer 

The trigger signal from the timer which is used by PG is 



not equal to the trigger signal of timer flip-flop (TFF1 , 
TFF4, TFF5, and TFF6) and differs as shown in Table 
3.10 (1) depending on the operation mode of the timer. 



Table 3.10 (1) Select of Trigger Signal 





TFF1 Inversion 


PG Shift 


8-bit timer mode 


Selected by TFFCR <TFF1 IS> when the up-counter value matches 
TREGO orTREGI value. 




16-bit timer mode 


When the up-counter value matches with both TREGO and TREG1 
values. (The value of up-counter = TREGr2^ + TREGO) 




PPG output mode 


When the up-counter value matches with both TREGO and TREG1. 


When the up-counter value matches TREG1 value (PPG cycle). 


PWM output mode 


When the up-counter value matches TREGO value and PWM cycle. 


Trigger signal for PG is not generated. 



Note: To shift PG, TFFCR <TFF1 IE> must be set to "1 " to enable TFF1 inversion. 



Channel 1 of PG can be synchronized with the 1 6-bit 
timer Timer 4/Timer 5. In this case, the PG shift trigger 
signal from the 1 6-bit timer is output only when the up- 
counter UC4/UC5 value matches TREG5^REG7. 
When using a trigger signal from Timer 4, set either 



T4FFGR <EQ5T4> or T4M0D <EQ5T5> to "1 " and a 
trigger is generated when the value in UC4 and the 
value in TREG5 match. When using a trigger signal 
from Timer 5, set T5FFCR <EQ7T6> to 1 . Generates a 
trigger when the value in UC5 and the value in TREG7 
match. 
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(4) Application of PG and Timer Output 

As explained in "Trigger signal fronn timer", the timing 
to shift PG and invert TFF differs depending on the 
mode of timer. An application to operate PG while 
operating an 8-bit timer in PPG mode will be explained 
below. 



To drive a stepping motor, in addition to the value of 
each phase (PG output), synchronizing signal is often 
required at the timing when excitation is changed over. 
In this application, port 6 is used as a stepping motor 
control port to output a synchronizing signal to the 
T01 pin (shared by P71). 



TOUP70 _ji n n r 

-I K , , 

TREGO I I 
PG00(P60) I I 

PG01 (P61) 1 L_ 

PG02 (P62) I r* 

PG03 (P63) I I 



Figure 3.10 (13). Output Waveforms of 4-Phase 1-Step Excitation 



Setting example: 







7 


6 


5 


4 


3 


2 


1 





TRUN 


<r- 




X 
















TMOD 


<- 


1 





X 


X 


X 


X 





1 


TFFCR 


<- 


X 


X 


X 








1 


1 


X 


TREGO 


<- 


















TREG1 


<— 


















P7CR 


<r- 


X 


X 


X 


X 






1 




P7FC 


<— 


X 


X 


X 


X 






1 


X 


P6CR 


<- 










1 


1 


1 


1 


P6FC 


<r- 










1 


1 


1 


1 


PG01CR 


<r- 



















1 


PGOREG 


<- 












* 






TRUN 


<- 


1 


X 










1 


1 



Note: x; don't care -; no change 



Stop timer 0, and clears it to zero. 

Set timer and timer 1 in PPG output mode and selects 0T1 as the input clock. 
Enable TFF1 inversion and sets TFF1 to "1". 
Set ttie duty of T01 to TREGO. 
Set the cycle ofTOI toTREGL 

) Assign P71asT01. 

) Assign P60 - 63 as PGO. 

Set PGO in 4-phase 1-step excitation mode. 
Set an initial value. 
Start timer and timer 1. 
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3.11 Serial Channel as well as for I/O extension. 

TMP96C1 41 /TMP96CM40/TMP96PM40 contains two serial 1/ The serial channel has the following operation modes: 

O channels for full duplex asynchronous transmission (DART) 



• I/O interface mode 
(channel 1 only) 



• Asynchronous transmission 
(UART) mode (channel and 1) 



■ Mode 0: To transmit and receive I/O data as well as 

the synchronizing signal SCLK for extending I/O. 



Mode 1 
Mode 2 
Mode 3 



7- bit data 

8- bit data 

9- bit data 



In mode 1 and mode 2, a parity bit can be added. Mode Figure 3. 11 (1) shows the data format (for one frame) in 

3 has wake-up function for making the master controller start each mode, 
slave controllers in serial link (multi-controller system). 

• Mode (I/O interface mode) 



■■■"•(ED(IIIXI)(I)GD(IIE}'"' 

■• — Transfer direction 

Mode 1 (7-bit UART mode) 

V!2/E3(IXIXIXI)(Z)(Z)Q^ 

Mode 2 (8-bit UART mode) 

\!!!:!/^!3(Z)(Z)(Z)(Z)(Z)(Z)(Z)'^ 

■ Mode 3 (9-bit UART mode) 

When bit 8 = 1, address (select code) is denoted. 
When bit 8 = 0, data is denoted. 



Figure 3.11 (1). Data Formats 
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The serial channel has a buffer register for transmitting 
and receiving operations, in order to tennporarily store trans- 
mitted or received data, so that transmitting and receiving 
operations can be done independently (full duplex). 

However, in I/O interface mode, SCLK (serial clock) pin is 
used for both transmission and receiving, the channel 
becomes half-duplex. 

The receiving data register is of a double buffer structure 
to prevent the occurrence of overrun error and provides one 
frame of margin before CPU reads the received data. The 
receiving data register stores the already received data while 
the buffer register receives the next frame data. 

By using CTS and RTS (there is no RTS pin, so any one 
port must be controlled by software), it is possible to halt data 
send until CPU finishes reading receive data every time a frame 
is received (Handshake function). 

In the UART mode, a check function is added not to start 
the receiving operation by error start bits due to noise. The 
channel starts receiving data only when the start bit is 



detected to be normal at least twice in three samplings. 

When the transmission buffer becomes empty and 
requests the CPU to send the next transmission data, or when 
data is stored in the receiving data register and the CPU is 
requested to read the data, INTTX or INTRX interrupt occurs. 
Besides, if an overrun error, parity error, or framing error occurs 
during receiving operation, flag SC0CR/SC1CR <OERR, 
PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate gen- 
erator, which can set any baud rate by dividing the frequency 
of four clocks (0TO, 0T2, 0T8, and ^T32) from the internal pres- 
caler (shared by 8-bit/1 6-bit timer) by the value 2 to 1 6. 

In I/O interface mode, it is possible to input synchronous 
signals as well as to transmit or receive data by external clock. 

3.11.1 Control Registers 

The serial channel is controlled by three control registers 
SCOCR, SCOMOD, and BROCR. Transmitted and received 
data is stored in register SCOBUF. 
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SCOMOD 
{0052H) 





7 


6 


5 


4 


3 


2 1 1 ; 


bit Symbol 


TB08 


CTSEO 


RXEO 


WUO 


SM01 


SMOO : scol i scoo 


Read/Write 


R/W 


After reset 














i ; : 


Function 


Transfer 
data 
Bits 


Hand 
shake 

0: CTS 

disable 
1: CTS 

enable 


Receiving 
Function 
0: Receive 

disable 
1 : Receive 

enable 


Wake up 
Function 

0: disable 
1: Enable 


Serial transmission jSerial transmission 
mode iclock{UART) 
00: Can not be used jOO: TOO Trigger 
01 : 7-bit UART joi : baud rate 
10: 8-bit U ART generator 
1 1 : 9-bit UART ilO: Internal clock «I>1 
ill: don't care 




till 1 



Serial transmission clock (UART) 



00 


Timer match detect signal 


01 


Baud rate generator 


10 


Internal clock <t>1 


11 


don't care 


Serial transmission mode 


00 


Can not be used 


01 


i 7-bit length 


10 


UART i 8-bit length 


11 


: 9-bit length 



Wake-up Function 





9-bit UART 


Other mode 





Interrupt when 
data are recieived 


don't care 


1 


Interrupt only 
when RB8 = 1 


Receiving Function 





Receive Disable 


1 


Receive Enable 



Hand shake function (CTS Pin) enable 



Disable (always Transferable) 

1 Enable 



— » Transmission data bit 8 

Note : ThereisSClMOD(56H)inChannell 



Figure 3.11 (2). Serial Mode Control Register (Channel 0, SCOMOD) 
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SCOCR 
(005 1H) 





7 


6 


5 


4 


3 


2 1 





bit Symbol 


RB08 


EVENO 


PEO 


OERRO 


PERRO 


FERRO i SCLKO 


lOCO 


ReadA/Vrite 


R 


RW 


R ( cleared to Zero when read) ; R/W 


After reset 










i i i i 


Function 


Received 
data 
Bits 


Parity 
0: Odd 
1 : Even 


Parity 
addition 
0: Disable 
1: Enable 


Overrun 


jOiSCLKO jO: 
1 : error j ^ |— ^ ■ Baud Rate 

: , :i:SCLKO ilrSCLKO 
Parity : Framing 

i ^— ^ ; Pin input 



1.1.1. 1,1.1.1.1 



Select I/O interface input clock (Notei) 






Baud rate generater 


1 


SCLKO Pin input 


Edge selection in SCLK pin input mode 





Transmits and receives ( ^ ) 

data at raise edge of SCLK 


1 


Transmits and receives ( \_ ) 
data at fall edge of SCLK 



I »>Framing error flag 

' »-Parity error flag 

^Overrun error flag 

' *' Enable parity addition 

Prohibition (disable) 

1 Pe rmission (enable) 

I Addition /check of even parity 

Odd parity 

1 Even parity 

RecevingdatabitS 

Note : As all error flags are cleared after reading do not test only a single bit with a bit- 
testing instruction. 



Figure 3.1 1 (3). Serial Control Register (Channel, SCOCR) 
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BROCR 
(0053H) 





7 


6 


5 4 


3 2 


1 





bit Symbol 






BROCK 1 i BROCKO 


BR0S3 i BR0S2 


BR0S1 


BROSO 


Read/Write 






R/W 


After reset 










; i i 


Function 


Fix at "0" 




00: ^T0(fc/4) 
01: ^T2(fc/16) 
10: ^T8(fc/64) 
1 1 : ^T32 (fc/256) 


Setting of the Divided frequency 



Setting of the divided frequency 
of baud rate generator 



Selecting the input clock of 
baud rate generator 



0000 


16 divisions 


0001 


Don't set 


0010 

\ 

1111 


2 to 15 divisions 



00 


Internal clock ^TO (fc/4) 


01 


Internal clock ^T2 (fc/16) 


10 


Internal dock ^T8 (fc/64) 


11 


Internal clock ^T32 (fc/256) 



Note: 



As all error flags are cleared after reading, do not test only a single bit with a bit-testing 
instruction. 



Figure 3.11 (4). Serial Channel Control (Channel 0, BROCR) 



SCOBUF 
(50H) 



7 


6 


5 


4 


3 


2 


1 





TB07 


TB06 


TB05 


TB04 


TB03 


TB02 


TBOl 


TBOO 


7 


6 


5 


4 


3 


2 


1 





RB07 


RB06 


RB05 


RB04 


RB03 


RB02 


RB01 


RBOO 



(Transmission) 



Note : When setting the serial transfer mode to "9-bit length UART mode", transfer data *TB08" 
is written to bit? of SCOMOD register, and received data "RB08" is read from bit? of 
SOCR register. 



Figure 3.11 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF) 
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SC1M0D 
(0056H) 





7 


6 


5 


4 i 3 ; 2 


; 1 i 


— ^ 

bit Symbol 


TB18 




RXE1 


WU1 i SM11 i SM10 


: sen i scio 


Read/Write 


R/W 


After reset 











I ; 


: : 




Transfered 


Fix at "0" 


Receiving 


Wake up iSerial Transmission 


jSerial Transmission 




data 




Function 


Function jmode 


jclock (UART) 




Bits 




0: Receive 


0: disable |00: I/O interface 


jOO: TOO Trigger 








disable 


1: enable I mode 


ioi: Baud rate 


Function 






1: Receive 


ioi: 7-Bit UART 


generator 








Enable 


ilO: 8-Bit UART 


jlO: Internal clock <1>1 










ill: 9-Bit UART 


il 1: don't care 



J I , I , L 



Serial transmission clock (For UART) 



00 


Timer match detect signal 


01 


Baud rate generator 


10 


Internal clock <l>1 


11 


don't care 



Note: The clock selection for the I/O interface 
mode is controlled by the serial control 
register (SClCR). 
Serial transmission mode 



00 


I/O interface mode 


01 


1 7-Bit length 


10 


UART mode : 8-Bit length 


11 


1 9-Bit length 



Wake up Function 





9.Bit UART 


other mode 





Interrupt vi/hen 
data are received 


don't care 


1 


Interrupt only 
when RB8 = 1 



Receiving control 
Receive disable 



1 Receive enable 



Transmission data bit 8 



Figure 3.11 (6). Serial Mode Control Register (Channel 1, SCI MOD) 
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SC1CR 
(0055H) 





7 


6 


5 


4 


3 


2 1 





bit Symbol 


RB18 


EVEN1 


PEl 


0ERR1 


PERRl 


FERR1 ; SCLK1 


lOCl 


Read/Write 


R 


R/W 


R (clear to Zero when read) R/W 


After reset 













i ; 





Function 


Received 
data 
Bits 


Parity 
0: Odd 
1 : Even 


Parity 
addition 
0: Disable 
1: Enable 


! 0: SCLK1 

1 : error '■ r 

iC_f ) 


0: 

Baud rate 
generator 
1: SCLK1 
Pin input 


Overrun 


Parity 


- i 1:SCLK1 
Framing : 



Select I/O interface input clock (Notei) 



Baud rate generate 

1 SCLK1 Pin input 



Notei : For channel 0, fix this bit to "0" 
Edge selection in SCLK pin input mode 



Transmits and receives ( f ) 

data at raise edge of SCLK 



Transmits and receives ( 
data at fall edge of SCLK 



' Framing error flag 
• Parity error flag 
' Overrun error flag 

Enable parity addition 



} 



Cleared to Zero 
when read 



Disable 
Enable 



Addition / check of even parity 



Odd Parity 
Even Parity 



Receiving data bits 



Note : As all error flags are cleared after reading, do not test only a single bit with a bit- 
testing instruction. 



Figure 3.11 (7). Serial Control Register (Channel 1, SC1CR) 
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7 


6 


5 


4 3 


2 


1 





bit Symbol 






BR1CK1 


BR1CK0 i BR1S3 


BR1S2 


BR1S1 


BR1S0 


Read/Write 






R/W 


After reset 







: ; ; ! ; 


Function 


Fix at "0" 




00:^TO(fc/4) 

01: ,sT2(fc/16) Setting of the Divided frequency 
10: «iT8(fc/64) 
1 1 : ^T32 (fc/256) 



C Setting of the divided frequency of baud rate 
oenerator 



0000 


16 divided 


0001 


Don't set 


0010 

\ 

1111 


2 to 5 divisions 



Selecting the input clock of baud rate generator 



00 


Internal clock ^TO (fc/4) 


01 


Internal clock ^T2 (fc/16) 


10 


Internal clock ^T8 (fc/64) 


11 


Internal clock ^T32 (fc/256) 



Note : To use baud rate generator, setTRUN<PRRUN>to "1", putting the prescalerin RUN 
mode. 



Figure 3.11 (8). Baud Rate Generator Control Register (Channel 0, BROCR) 



7 6 5 4 3 2 1 



TB17 


TB16 


TB15 


TB14 


TB13 


TB12 


TB11 


TB10 


(Transmission) 


7 6 5 4 3 2 1 




RB17 


RB16 


RB15 


RB14 


RB13 


RB12 


RB11 


RB10 


(Receiving) 



Note : When setting the serial transfer mode to "9-bit length UART mode", transfer data 'TB18" is 
written to bit? of SCIMOD register, and received data "RB18" is read from bit? of SCICR 
register. 



Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF) 
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P9FC 
(001 DH) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 






P95F 




P93F 


P92F 




P90F 


Read/Write 






W 




W 


W 




W 






























0: PORT 
l-.SCLKI 




0: PORT 
1:TxDl 


0: PORT 
1:SCLK0 




0: PORT 
1:TxD0 



Prohibit Read 
modify write 



Setting P90 as TxDO output 



Port output 

TxDO (channel 0) output 



Setting P93 as TxDI output 



Port output 

1 TxDI(channeM) output 



Setting P95 as SCIK output 



Port output 

SCLK1 (channel 1) output 



Figure 3.11 (10). Port 9 Function Register (P9FC) 



ODE 
(0058H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 














00E1 


ODEO 


Read/Write 














R/W 




































P93 
0: CMOS 
1:0PEN 
Drain 


P90 
0: CMOS 
1:0PEN 
Drain 



Setting P90 as Open-drain output 



CMOS output 
Open-drain output 



Setting P93 as Open-drain 



CMOS output 
Open-drain output 
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Port 3.11 (11). Port 9 Open Drain Enable Register (ODE) 
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3.11.2 Configuration 

Figure 3. 11 (1 2) shows the block diagram of the serial channel 0. 



Serial clock generation circuit 
>OTR( 

L 



BROCR< BROCK 1. 0> TOOTRG (Timer comparator output) 

fit- 



..,ao (fc/4) 

iv<T2(fc/16) 
!v<T8 (fc/64) 
!.^T32(fc/256) 



!<i1(fc/2)- 



Baud rate - 
generator 



i t 



SCOMOD 
<SC1.0> 









INTRXO INTTXO 

t ♦ 






Receive 


SCOMOD 


Serial channel 




Transmission 


counter 


<WU> 


interrupt 




counter 




16) 




control 




(■M6) 



RXDCLK : 

SCOMOD 

<RXE>-*- 



Receive 
control 



SCOCR 
<PE> <EVEN> 

, * ♦ , 

Parity control 



(Shared byP91) 



■ Receive buMer1(Shift register) 



RB8 Rc^ccivc burfef2 (SCOBUF) 



Error flag 

-1 — I — r- 



SCOCR 

<OERR><PERR><FERR> 

* I > 



Internal bus 



TXDC LK I f 



Transmission 
control 



' SC0MOD<CTSE> 



There isn't in 
channel 1 



TBS I TransmissiOf> buffer (SCOBUF) — ^-DTxDO 

' ^ ' (Shared by P90) 



Figure 3.11 (12). Block Diagram of the Serial Channel 
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Figure 3.1 1 (13) shows the block diagram of the serial channel 1 . 



^T0(fc/4) - 
^T2(fc/16) 
/T8(fc/64) 
l/T32(fc/256)-j-* 



SCLK1 □- 
input 
(Shared 
by P95) 



— Serial clock generation circuit 

BR1CR<BR1CK1,0> TOOTRG (Timer comparator output) 



^1 (fc/2)- 



. Baud rate 
generator 



o 


UART 




o 
















Of 








V 











SC1MOO 
<SC1.0> 



TT 



SCI MOD 
<SM1.0> 



I/O interface mode 



SCLKl O- 
Output 
(Shared 
by P95) 



SCI MOO 
<IOC> 



Receive 
counter 
(UART only -r 16) 



RXD CLK jf 



SC1MOD 
<RXE>- 



Receive 
control 



INTRX1 INTTX1 

_i L_ 



SCIMOq Serial channel 
interrupt 
control 



Transmission 
counter 
(UART only + 16) 

TXDC LK I 



Transmission 
control 



(Shared by P94) 



j Receive buffer1(Shift register) 



Parity control 



RB8 Receive buffer2 (SC1BUF) 



Error flag 

—r 



-i — r 

SC1CR 

<OERR><PERR><FERR> 



I I I 

Internal bus 







1 TBS j Transmission buffer (SCI BUf) |- 











-♦□TxDO 
(Shared by P93) 



Figure 3.11 (13). Block Diagram of the Serial Channel 1 
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® Baud Rate Generator 

Baud rate generator comprises a circuit that generates 
transmission and receiving clocks to determine the 
transfer rate of the serial channel. 
The input clock to the baud rate generator, 0TO (fc/4), 
0T2 (fc/16), 0T8 (fc/64), or 0T32 (fc/256) is generated 
by the 9-bit prescaler which is shared by the timers. 



One of these input clocks is selected by the baud rate 
generator control register BR0CR/BR1CR <BR0CK1 , 
0/BR1CK1,0>. 

The baud rate generator includes a 4-bit frequency 
divider, which divides frequency by 2 to 1 6 values to 
determine the transfer rate. 
How to calculate a transfer rate when the baud rate 
generator is used is explained below. 



• UARTmode 

Transfer rate = Input clock of baud rate generator ^ ig 

Frequency divisor of baud rate generator 

• I/O interface mode 

Transfer rate = Input clock of baud rate generator ^ 2 

Frequency divisor of baud rate generator 



The relation between the input clock and the source clock (fc) is as follows: 
0TO = fc/4 
0T2= fc/16 
0T8= fc/64 
0T32 = fc/256 

Accordingly, when source clock fc is 1 2.288 MHz, input clock is 0T2 (fc/1 6), and frequency divisor is 5, the transfer rate 
in UART mode becomes as follows: 

Transfer rate = fc/16 ^ 

5 

= 1 2.288 X 1 0^/1 6/5/1 6 = 9600 (bps) 
Table 3.1 1 (1) shows an example of the transfer rate in UART mode. 

Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.1 1 (2) shows an example of baud rate using 
timer 0. 

Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used) 

Unit(kbps) 



fc [Mhz] 


Input Clock 

Frequency\^^ 
Divisor 


0TO 
(fc/4) 


0T2 
(fc/16) 


0T8 
(fc/64) 




9.830400 


2 


76.800 


19.200 


4.800 


1.200 


T 


4 


38.400 


9.600 


2.400 


0.600 


t 


8 


19.200 


4.800 


1.200 


0.300 


T 





9.600 


2.400 


0.600 


0.150 


12.288000 


5 


38.400 


9.600 


2.400 


0.600 


T 


A 


19.200 


4.800 


1.200 


0.300 


14.745600 


3 


76.800 


19.200 


4.800 


1.200 


T 


6 


38.400 


9.600 


2.400 


0.600 


T 


C 


19.200 


4.800 


1.200 


0.300 



Note: Transfer rate in I/O interface mode is 8 times as fast as the values given in the above table. 
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Table 3.11 (2) Selection of Transfer Rate (1) (When Timer (Input Clock 0T1) is Used) 



Unit(Kbps) 



inkuU 


12.288IVIHZ 


12MHz 


9.8304MHz 


8MHz 


6.144MHz 


1H 


96 




76.8 


62.5 


48 


2H 


48 




38.4 


31.25 


24 


3H 


32 


31 .25 






16 


4H 


24 




19.2 




12 


5H 


19.2 








9.6 


8H 


12 




9.6 




6 


AH 


9.6 








4.8 


10H 


6 




4.8 




3 


14H 


4.8 








2.4 



How to calculate the transfer rate (when timer is used): 

Transfer rate = fc 

TREG0x8x16 

^ (When timer (input clock 0T1) is used) 

Input clock of timer 
0T1 = ^^/8 
0T4= ^732 
0T16= ^7128 

Note: Timer match detect signal cannot be used as the transfer clock in I/O interface mode. 



(D Serial Clock Generation Circuit 

This circuit generates the basic clock for transmitting 
and receiving data. 

1) I/O interface mode (channel 1 only) 

When in SCLK output mode with the set- 
ting of SC1 CR <IOC> = "0", the basic clock 
will be generated by dividing by 2 the output 
of the baud rate generator as described 
before. When in SCLK input mode with the 
setting of SC1 CR <IOC> = "1 ", the rising 
edge or falling edge will be detected accord- 
ing to the setting of SC1 CR <SCLKC> regis- 
ter to generate the basic clock. 

2) Asynchronous Communication (UART) mode 

According to the setting of SCOCR and 
SC1CR <SC1 , 0>, the above baud rate gen- 
erator clock, internal clock (^1 (500 Kbps @ fc 
= 1 6 MHz), or the match detect signal from 
timer will be selected to generate the basic 
clock SIOCLK. 



(D Receiving Counter 

The receiving counter is a 4-bit binary counter used in 
asynchronous communication (UART) mode and 
counts up by SIOCLK clock. Sixteen pulses of SIOCLK 
are used for receiving one bit of data, and the data bit 
is sampled three times at 7th, 8th and 9th clock. 
With the three samples, the received data is evaluated 
by the rule of majority. 

For example, if the sampled data bit is "1 ", "0" and "1 " 
at 7th, 8th and 9th clock respectively, the received data 
is evaluated as "1". The sampled data "0", "0" and "1" 
is evaluated that the received data is "0". 

® Receiving Control 

1) I/O interface mode (channel 1 only) 

When in SCLK1 output mode with the 
setting of SC1CR <IOC> = "0", RxD1 signal 
will be sampled at the rising edge of shift 
clock which is output to SCLK pin. 

When in SCLK input mode with the set- 
ting SC1 CR <IOC> = "1 ", RxD1 signal will be 
sampled at the rising edge or falling edge of 
SCLK input according to the setting of 
SC1CR <SCLKS> register. 
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2) Asynchronous Communication (UART) mode 

The receiving control has a circuit for 
detecting the start bit by the rule of majority 
When two or more "0" are detected during 3 
samples, it is recognized as start bit and the 
receiving operation is started. 

Data being received is also evaluated by 
the rule of majority. 

(D Receiving Buffer 

To prevent overrun error, the receiving buffer has a 
double buffer structure. 

Received data is stored one bit by one bit in the receiv- 
ing buffer 1 (shift register type). When 7 bits or 8 bits of 
data are stored in the receiving buffer 1 , the stored 
data is transferred to another receiving buffer 2 
(SC0BUF/SC1BUF), generating an interrupt INTRXO/ 
INTRX1 . The CPU reads only receiving buffer 2 
(SC0BUF/SC1 BUF). Even before the CPU reads the 
receiving buffer 2 (SC0BUF/SC1 BUF), the received 
data can be stored in the receiving buffer 1 . However, 



unless the receiving buffer 2 (SC0BUF/SC1 BUF) is 
read before all bits of the next data are received by the 
receiving buffer 1 , an overrun error occurs. If an over- 
run error occurs, the contents of the receiving buffer 1 
will be lost, although the contents of the receiving 
buffer 2 and SCOCR <RB8> SC1CR <RB8> are still 
preserved. 

The parity bit added in 8-bit UART mode and the most 
significant bit (MSB) in 9-bit UART mode are stored in 
SCOCR <RB8>/SC1CR <RB8>. 
When in 9-bit UART mode, the wake-up function of 
the slave controllers is enabled by setting SCOMOD 
<WU>/SC1 MOD <WU> to "1 ", and interrupt INTRXO/ 
INTRX1 occurs only when SCOCR <RB8>/SC1CR 
<RB8> is set to "1 ". 

(D Transmission Counter 

Transmission counter is a 4-bit binary counter which is 
used in asynchronous communication (UART) mode 
and, like a receiving counter, counts by SIOCLK clock, 
generating TxDCLK every 1 6 clock pulses. 



SIOCLK JLX^JLXJUUUUUUUL^^ 

15 16 1,1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 2 
TXDCLK i!| 



1" 



Figure 3.11 (14). Generation of Transmission Clock 



® Transmission Controller 

1 ) I/O interface mode (channel 1 only) 

In SCLK output mode with the setting of SC1 CR 
<IOC> = "0", the data in the transmission buffer are 
output bit by bit to TxD1 pin at the rising edge of shift 
clock which is output from SCLK1 pin. 
In SCLK input mode with the setting SC1CR <IOC> = 
"1 ", the data in the transmission buffer are output bit 



by bit to TxD1 pin at the rising edge or falling edge of 
SCLK input according to the setting of SC1 CR 
<SCLKC> register. 

2) Asynchronous Communication (UART) mode 

When transmission data is written in the transmission 
buffer sent from the CPU, transmission starts at the ris- 
ing edge of the next TxDCLK, generating a transmis- 
sion shift clock TxDSFT. 
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Handshake function 



Serial channel has a CTSO pin. Using this pin, data 
can be sent in units of one franne; thus, overrun errors 
can be avoided. The handshake function is enabled/ 
disabled by SCO MOD <CTSE>. 
When the CTSO pin goes high, after completio n of the 
current data send, data send is halted until the CTSO 
pin goes low again. The INTTXO Interrupts are gener- 



ated, requests the next send data to the CPU. 
Though there is no RTS pin, a handshake function can 
be e asily configure d by setting any port assigned to the 
RTS function. The RTS should be output "High" to 
request data send halt after data receive is connpleted 
by a software in the RXD interrupt routine. 



TxD 
GTS 




RxD 

RTS (any port) 







Sender 



Receiver 



Figure 3.11 (15). Handshake Function 




Note 1 : If the GTS signal falls during transmission, the next data is not sent after the completion of the current transmission. 
Note 2: Transmission starts at the first TxDCLK clock fall after the CTS signal falls. 

Figure 3.11 (16). Timing of CTS (Clear to Send) 
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® Transmission Buffer 

Transmission buffer (SC0BUF/SC1 BUF) shifts to and 
sends the transmission data written from the CPU from 
the least significant bit (LSB) in order, using transmis- 
sion shift clock TxDSFT which is generated by the 
transmission control. When all bits are shifted out, the 
transmission buffer becomes empty and generates 
INTTX0/INTTX1 interrupt. 

(D Parity Control Circuit 

When serial channel control register SCOCR <PE>/ 
SC1 CR <PE> is set to "1 ", it is possible to transmit 
and receive data with parity. However, parity can be 
added only in 7-bit UART or 8-bit UART mode. With 
SCOCR <EVEN>/SC1CR <EVEN> register, even (odd) 
parity can be selected. 

For transmission, parity is automatically generated 
according to the data written in the transmission buffer 
SCBUF, and data are transmitted after being stored in 
SCOBUF <TB7>/SC1 BUF <TB7> when in 7-bit UART 
mode while in SCMOD <TB8>/SCM0D <TB8> when 
in 8-bit UART mode. <PE> and <E\/EN> must be set 
before transmission data are written in the transmis- 
sion buffer. 

For receiving, data is shifted in the receiving buffer 1 , 
and parity is added after the data is transferred in the 
receiving buffer 2 (SC0BUF/SC1 BUF), and then com- 
pared with SCOBUF <RB7>/SC1 BUF <RB7> when in 



7-bit UART mode and with SCOMOD <RB8>/ 
SC1 MOD <RB8> when in 8-bit UART mode. If they 
are not equal, a parity error occurs, and SCOCR 
<PERR>/SC1CR <PERR> flag is set 

® Error Flag 

Three error flags are provided to increase the reliability 
of receiving data. 

1 . Overrun error <OERR> 

If all bits of the next data are received in 
receiving buffer 1 while valid data is stored in 
receiving buffer 2 (SCBUF), an overrun error 
will occur. 

2. Parity error <PERR> 

The parity generated for the data shifted 
in receiving buffer 2 (SCBUF) is compared 
with the parity bit received from RxD pin. If 
they are not equal, a parity error occurs. 

3. Framing error <FERR> 

The stop bit of received data is sampled 
three times around the center. If the majority 
is "0", a framing error occurs. 



® Generating Timing 
1) UART mode 



Receiving 



^ — ~_jyiocle^ 


9 Bit 


8 Bit + Parity 


8 Bit, 7 Bit + Parity, 7 Bit 


Interrupt timing 


Center of last bit (Bit 8) 


Center of last bit (parity bit) 


Center of stop bit 


Framing error timing 






Center of stop bit 


Parity error timing 


Center of last bit (Bit 8) 


Center of last bit (parity bit) 


Center of stop bit 


Overrun error timing 


Center of last bit (Bit 8) 


Center of last bit (parity bit) 


Center of stop bit 


Note: Framing error occurs after an interrupt has occurred. Tlierefore, to check for framing error during interrupt operation, it is necessary 
to wait for 1 bit period of transfer rate. 

Transmitting 


~^ ^___iyiode 


9 Bit 


8 Bit + Parity 


8 Bit, 7 Bit + Parity, 7 Bit 


Interrupt timing 


Just before last bit is transmitted. 


<— 
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2) I/O Interface mode 



Transmission interrupt timing 


SCLK output mode 


Immediately atter rise of last SCLK signal. (See figure 3.11 (19)) 


SCLK input mode 


Immediately after rise of last SCLK signal (rising mode), or immediately after fall in falling mode. 
(See Figure 3.1 1(20)) 


Receiving interrupt timing 


SCLK output mode 


Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after 
last SCLK. (See Figure 3.11 (21)) 


SCLK input mode 


Timing used to transfer received data to data receive buffer 2 (SC1BUF); ttiat Is, Immediately after 
SCLK. (See Figure 3.1 1(22)) 



3.11.3 Operational Description 

(1 ) Mode (I/O iriterface mode) 

This mode is used to increase the number of I/O pins 



for transmitting or receiving data to or from the external 
shifter register. 

This mode includes SCLK output mode to output syn- 
chronous clock SCLK and SCLK input mode to input 
external synchronous clock SCLK. 



Output 
extension 



Input 
extension 



TMP96C081 
TxD 
SCLK 
Port 



Shift register 


A 




B 


SI 


C 




D 


SCK 


E 




F 


RCK 


G 




H 


TC74HC595 


or 


the like 





TMP96C081 
RxD 
SCLK 
Port 



Shift register 


A 




B 


QH 


C 




D 


CLOCK 


E 




F 


S/L 


G 




H 


TC74HC165or 
the like 



Figure 3.11 (17). Example of SCLK Output Mode Connection 




input port 



Shift register 


A 




B 


SI 


c 




D 


SCK 


E 




F 


RCK 


G 




H 



External clock 1 



TC74HC595 or 
the like 



TMP96C081 




Shift register /\ 
B 


RxD 




QH C 
D 




SCLK 






CLOCK E 
F 


Port 






S/L G 
H 






External clock 




TC74HC165 or 
the like 



Figure 3.11 (18). Example of SCLK Input Mode Connection 
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® Transmission 

In SCi_K output mode, 8-bit data and synchronous clock 
are output from TxD pin and SCLK pin, respectively, each 



time the CPU writes data in the transmission buffer. When 
all data is output, INTES1 <ITX1 C> will be set to generate 
INTTX1 interrupt. 



Timing to write IT 

transmission 1 

data 

SCLK output 



TxD 


X 


bitO X biti > 




X bite X bit? X 


TYn<;rr 




n r 


1 — ss 


n n n 



ITXK (INTTX1_. 
interrupt request) 



Figure 3.11 (19). Transmitting Operation in I/O Interface Mode (SCLK Output Mode) 



In SCLK output mode, 8-bit data are output from TxD1 when all data are output, INTES1 <ITXIC> will be set 

pin when SCLK input becomes active while data are to generate INTTX1 interrupt, 

written in the transmission buffer by CPU. 



SCLK input 

(SCLKC = 0: Rising edge mode) 




SCLK input 

(SCLKC = 1: Falling edge mode) 

TxD r bito jT^ir ry) ^ bits /"bits mtTY 

TxDSFT fi ri^^ n n 



ITXK (INTTX1 

interrupt request) 



Figure 3.11 (20). Transmitting Operation in I/O Interface Mode (SCLK Input Mode) 
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(2) Receiving 

In SCLK output mode, synchronous clock is output 
fronn SCLK pin and the data is shifted in the receiving 
buffer 1 whenever the receive interrupt flag INTES1 



<IRX1C> is cleared by reading the received data. 
When 8-bit data are received, the data will be trans- 
ferred in the receiving buffer 2 (SC1 BUF) at the timing 
shown below, and INTES1 <iRX1C> will be set again 
to generate INTRX1 interrupt. 



IRX1C 



SCLK 
RxD 



Timing to shift data in 
the receiving buf fer 2 




Figure 3.11 (21). Receiving Operation in I/O Interface Mode (SCLK Output Mode) 



In SCLK input mode, the data is shifted in the receiving 
buffer 1 when SCLK input becomes active, while the 
receive interrupt flag INTES1 <IRX1 C> is cleared by read- 
ing the received data. When 8-bit data is received, the 



data will be shifted in the receiving buffer 2 (SC1 BUF) at 
the timing shown below, and INTES1 <IRX1 C> will be set 
again to generate INTRX interrupt. 



SCLK input 

(SCLKC = 0: Rising edge mode) 



SCLK input 
(SCLKC = 1 : Falling edge mode) 

RxD 

Timing to shift data 
in the receiving 

buffer 2 




T^^^T'lTb^tT l^ bite X bit7 r 



Generate 
INTRX1 



71 



Figure 3.11 (22). Receiving Operation in I/O Interface Mode (SCLK Input Mode) 



Note; For data receiving, the system must be placed in the receive enable state (SCMOD <RXE> = "1 ") 
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Mode 1 {7-bit UART Mode) 

The 7-bit mode can be set by setting serial channel 
mode register SCOMOD <SM01 ,00>/SC1 MOD 
<SM11,10> to "01". 

In this mode, a parity bit can be added, and the addi- 
tion of a parity bit can be enabled or disabled by serial 
channel control register SCOCR <PE>/SC1CR <PE>, 



and even parity or odd parity is selected by SCOCR 
<EVEN>/SC1CR <EVEN> when <PE> is set to "1" 
(enable). 

Setting example: When transmitting data with the 
following format, the control 
registers should be set as described 
below. Channel is explained here. 




Direction of transmission (transmission rate: 9600 bps @ fc = 12.288 MHz) 







7 


6 


5 


4 


3 


2 


1 


P9CR 


<- 


X 


X 












P9FC 


<- 


X 


X 




X 




X 


X 


SCOMOD 


4- 


X 







X 





1 





SCOCR 


<- 


X 


1 


1 


X 


X 


X 





BROCR 


<r- 





X 


1 








1 





TRUN 


<- 


1 


X 












INTESO 


<- 


1 


1 














SCOBUF 


<— 

















Note: x; don't care -; no change 





1 X 

^ ) Select P90 as the TxD pin. 

1 Set 7-bit UART mode. 

Add an even parity. 

1 Set transfer rate at 2400 bps. 

Start ttie prescaler for ttie baud rate generator. 
Enable INTTXO interrupt and sets interrupt level 4. 
Set data for transmission. 



(3) Mode 2 (8-bit UART Mode) 

The 8-bit UART mode can be specified by setting 
SCOMOD <SM01 ,00>/SC1 MOD <SM1 1 ,10> to "10". 
In this mode, parity bit can be added, the addition of a 
parity bit is enabled or disabled by SCOCR <PE>/ 



SC1 OR <PE>, and even parity or odd parity is selected 
by SCOCR <EVEN>/SC1CR <EVEN> when <PE> is 
set to "1" (enable). 

Setting example: When receiving data with the 

following format, the control register 
should be set as described below. 




Direction of transmission (transmission rate: 9600 bps @ fc = 12.288 MHz) 
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Main setting 







7 


6 


5 


4 


3 


2 


1 


P9CR 


<- 


X 


X 













SCOMOD 


<- 







1 


X 


1 








SCOCR 


<- 


X 





1 


X 


X 


X 





BROCR 


<- 





X 





1 





1 





TRUN 


<r- 


1 


X 












INTESO 


<r- 










1 


1 








Select P91 (RxD) as the input pin. 
1 Enable receiving in 8-bit UART mode. 

Add an odd parity. 

1 Set transfer rate at 9600 bps. 

Start the prescaler for the baud rate generator. 
Enable INTTXO interrupt and sets interrupt level 4. 



) Check 



for error. 



Interrupt processing 
Acc<- SCOCR and 00011100 
lfAcc;tOthen ERROR 

Acc <- SCOBUF Read the received data. 

Note: x; don't care -; no change 



(4) Mode 3 (9-bit UART Mode) 

The 9-bit UART mode can be specified by setting 
SCOMOD <SM01 ,00>/SC1 MOD <SM1 1 .10> to "1 1 ". 
In this mode, parity bit cannot be added 
For transmission, the MSB (9th bit) is written in SOMOD 
<TB8>, while in receiving it is stored in SCCR <RB8>. 
For writing and reading the buffer, the MSB is read or 
written first, then SC0BUF/SG1BUF 



J 















1 




























TxD RxD 
Master 




TxD RxD 
Slave 1 




TxD RxD 
Slave 2 




TxD RxD 
Slave 3 



Note : TxD pin of the slave controllers must be in open drain output mode. 



Figure 3.11 (23). Serial Link Using Wake-Up Function 



Wake-up function 

In 9-bit UART mode, the wake-up function of slave 
controllers is enabled by setting SCOMOD <WU>/ 
SG1 MOD <WU> to "1 The interrupt INTRX1/INTRX0 
occurs only when <RB8> = 1 
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Protocol <D The master controller transmits one-frame data 

, ^ . . . . , including the 8-bit select code for the slave control- 

® Select the 9-bit UART mode for master and slave (e^s. The MSB (bit 8) <TB8> is set to "1 ". 

controllers. 



(D Set SCOMOD <WU>/SC1 MOD <WU> bit of each 
slave controller to "1 " to enable data receiving. 




Select code of stave controller "1" 



® Each slave controller receives the above frame, and 
clears WU bit to "0" if the above select code matches 
its own select code. 



(D The master controller transmits data to the specified 
slave controller whose SCOMOD <WU>/SG1 MOD 
<WU> bit 

is cleared to "0." The MSB (bit 8) <TB8> is cleared to 
"0". 




Data "0" 



© The other slave controllers (with the <WU> bit remain- 
ing at "1 ") ignore the receiving data because their 
MSBs (bit 8 or <RB8>) are set to "0" to disable the 
interrupt INTRX0/INTRX1. 



The slave controllers (WU = 0) can transmit data 
to the master controller, and it is possible to indicate 
the end of data receiving to the master controller by 
this transmission. 
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Setting Example: To link two slave controllers serially 
with the nnaster controller, and use 



the interna! clock ^1 (fc/2) as the transfer clock. 




TxD RxD 
Slave 1 



Select code 
00000001 



TxD RxD 
Slave 2 



Select code 
00001010 



Since serial channels and 1 operate in exactly the 



sanne way, channel is used for the purposes of explanation. 



• Setting the nnaster controller 
Main setting 

P9CR <- X X - 
P9FC <- X X 
INTESO «- 1 1 



SCOMOD 
SCOBUF 



) Select P90 as TxD pin and P91 as RxD pin. 



Enable INTTXO and sets the interrupt level 4. 

Enable INTRXO and sets ttie interrupt level 5. 

Set 01 (fc/2) as ttie transmission clock in 9-bit UART m6e. 

Set the select code for slave controller 1 . 



INHXO interrupt 
SCOMOD <- 
SCOBUF ^ 



Set TBS to "0". 

Set data for transmission. 



• Setting the slave controller 2 

Main setting 
P9GR 
P9FC 



ODE 

INTESO 

SCOMOD 



I Select P91 as RxD pin and P90 as TxD pin (open drain output). 



Enable INTRXO and INTTXO. 

Set <WU> to "1" in the 9-bit UART transmission mode with transfer 
clock (fc/2). 



INTRXO interrupt 
Acc^ SCOBUF 
If Acc = Select Code 
ThenSC0MOD4 



Clear <WU> to "0". 
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3.12 Analog/Digital Converter 

The TMP96C081 F contains a high-speed analog/digital con- 
verter (A/D converter) with 6-channel analog input that features 
1 0-bit successive approximation. 



Figure 3.1 2 (1) shows the block diagram of the A/D con- 
verter. 6-channel analog input pins (AN5 to ANO) are shared by 
input-only P5 and so can be used as input port. 



- A/D converter mode register (ADMOD) 
A/D channel select register (ADBS) 



EOCF ADBF REPET SCAN ADCS ADS 



Analog input 


AN5(P55) 




AN4(P54) 




AN3(P53) 




AN2(P52) 




AMI (P51) 




AN0(P50) 





' ~ Decoder [■ 



Multiplexer 



busy 



repeat i scan 



speed start 



A/D converter _^INTAD 



control circuit 




A/D conversion result register 
(ADREG0toADREG3) 



Vref □- 



D/A converter 



Figure 3.12 (1). Block Diagram of A/D Converter 

Note 1 : This A/D converter does not have a built-in sample and hold circuit. Therefore, when A/D converting high-frequency signals, connect a sample and 
hold circuit externally. 

Note 2: In order to reduce power supply currency in IDLE or STOP mode, the A/D converter enters standby mode even if the internal comparator remains in 
the enable state depending on the timing. Stop the A/D converter before executing the HALT command. Since the ladder resistor between Vr^p - 
/\qnd cannot be stopped internally, Iref is transmitted regardless of a mode. 
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ADMOD 
(005 EH) 





7 


6 


5 


4 


3 


2 


i 1 





bit Symbol 


EOCF 


'■ AD8F 


• REPET 


= SCAN 


= ADCS 


ADS 


' ADCH1 


ADCHO 


Read/Write 


R 


R/W 


After reset 




















; 


Function 


A/D 

conversion 
End Flag 

1: END 


A/0 

conversion 
BUSY Flag 

1:BUSY 


Repeat 
mode 

0: Single 
mode 

1 : Repeat 
mode 


Scan 
mode 

0: Fixed 
channel 
mode 

1 : Channel 
Scan 
mode 


A/0 

conversion 
Speed 

0: High 
speed 
mode 

1: Low 
speed 
mode 


fiJO 

conversion 
Start 

1: 

conversion 
Start 

Always 
read as 
"0" 


Analog Input 
Channel Select 

Sets input channels 
together with the 
<ADCH2> bit setting 
in AOBS register 



Analog input channel select (with ADCH2 = 0) 



. A/D conversion start 



Start A/D conversion. 



Note) Always "0" when data is read. 
A/D conversion speed selection 



A/D High speed conversion mode: 160 states = ^6fA (@20MHi) 
A/D Low speed conversion mode : 320 states = 32//s (@20MHz) 



. Specification of A/D scan mode 



Fixed A/D conversion channel mode 
A/D conversion channel scan mode 



• Selecting A/D repeat mode 



A/D conversion single mode 
A/0 conversion repeat mode 



■ A/D conversion busy flag 



A/D conversion not busy 
A/D conversion busy 



■ A/D conversion end flag 



A/D conversion not ended nor started 
A/D conversion ended 



Analog input channel select (with A0CH2 = 0) 





Normal 


Scan mode 


00 


ANO 


ANO 


01 


AN1 


AN0-*AN1 


10 


AN2 


AN0-»AN1-»AN2 


11 


AN3 


ANO-»AN 1 -♦AN2-»AN3 





Normal 


Scan mode 


00 


AN4 


AN4 


01 


AN5 


AN4-»AN5 


10 






11 







Figure 3.12 (2). A/D Control Register 
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ADREG04L 
(0060H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


ADR041 


ADR40 














Read/Write 


R 


After reset 


Undefined 


1 


1 


1 


1 


1 


1 


Function 


Lower 2 bits of A/D result for ANO or AN4 are stored. 



ADREG04H 
(0061 H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


ADR049 


ADR048 


ADR047 


ADR046 


ADR045 


ADR044 


ADR043 


ADR042 


Read/Write 


R 


After reset 


Undefined 


Function 


Upper 8 bits of A/D result for ANO or AN4 are stored. 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


ADR151 


ADR150 














Read/Write 


R 


After reset 


Undefined 


1 


1 


1 


1 


1 


1 


Function 


Lower 2 bits of A/D result for AN1 or AN5are stored. 



ADRE615H 
(0063H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


ADR159 


ADR158 


ADR157 


ADR156 


ADR155 


ADR154 


ADR153 


ADR152 


Read/Write 


R 


After reset 


Undefined 


Function 


Upper 8 bits of A/D result for AN1 or AN5 are stored. 



Figure 3.12 (3-1). A/D Conversion Result Register (ADREG04, 15) 
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{0064H) 



ADREG2H 
(0065H) 



ADREG3L 
{0066H) 



ADREG3H 
(0067H) 





7 ; 6 ; 5 i 4 i 3 


2 


1 





bit Symbol 


ADR21 i ADR20 r"""""--^; """^^ ^""""""--^ ^"""^^--J — "^"""""^ 


Read/Write 


R 


After reset 


Undefined j 1 j 1 i 1 i 1 i i i 1 


Function 


Lower 2 bits of A/D result for AN2 are stored. 






7 ; ■ 6 i 5 i 4 : 3 


2 


1 





bit Symbol 


ADR29 j ADR28 \ ADR27 i ADR26 j ADR25 


ADR24 


ADR23 


ADR22 


ReadAVrlte 


R 


After reset 


Undefined 


Function 


Upper 8 bits of A/D result for AN2 are stored. 






7 i 6 1 5 1 4 j 3 


2 


1 





bit Symbol 


ADR31 ; ADR30 i ""^''"""^--^ ^"""^^ 


Read/Write 


R 


After reset 


Undefined i 1 i 1 i 1 i 1 i 1 i 1 


Function 


Lower 2 bits of A/D result for AN3 are stored. 






7 ; 6 i 5 i 4 i 3 


2 


1 





bit Symbol 


ADR39 : ADR38 I ADR37 i ADR36 i ADR35 


ADR34 : 


ADR33 


ADR32 


Read/Write 


R 


After reset 


Undefined 


Function 


Upper 8 bits of A/D result for AN3 are stored. 



Figure 3.12 (3-2). A/D Conversion Result Register (ADREG2, 3) 



ADBS 
(OOSFH) 





7 


6 5 


4 


3 


2 


1 





bit Symbol 














ADCH2 


Read/Write 
















R/W 


After reset 



















Function 
















0:AN0~3 
1:AN4~5 



' Analog input channel select 





Normal 


Scan mode 





AN0~3 


ANO-*AN 1 -*AN2->AN3 


1 


AN4-~5 


AN4-»AN5 



Figure 3.12 (3-3). A/D Channel Select Register 
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3.12.1 Operation 

(1 ) Analog Reference Voltage 

High analog reference voltage is applied to the VREF 
pin, and low analog reference voltage is applied to 
AGND pin. 

The reference voltage between VREG and AGND is 
divided by 1 024 using ladder resistance, and com- 
pared with the analog input voltage for A/D conversion. 

(2) Analog Input Channels 

Analog input channel is selected by ADMOD <ADCH1 , 
0>. However, which channel to select depends on the 
operation mode of the A/D converter. 
In fixed analog input mode, one channel is selected by 
ADMOD <ADCH1 , 0> among four pins: ANO to AN3. 
In analog input channel scan mode, the number of 
channels to be scanned from ANO is specified by 
ADMOD <ADCH1 , 0>, such as ANO AN1 , ANO 
AN1 AN2, and ANO AN1 AN2 ^ AN3. 
When reset, A/D conversion channel register will be ini- 
tialized to ADMOD <ADCH1 , 0> = 00, so that ANO pin 
will be selected. 

The pins which are not used as analog input channel 
can be used as ordinary input port P5. 

(3) Starting A/D Conversion 

A/D conversion starts when ND conversion register 
ADMOD <ADS> is written "1 ". When A/D conversion 
starts, ND conversion busy flag ADMOD <ADBF> 
which indicates WD conversion is in progress" will be 
set to "1 ". 

(4) A/D Conversion Mode 

Both fixed ND conversion channel mode and ND 
conversion channel scan mode have two conversion 
modes, i.e., single and repeat conversion modes. 
In fixed channel repeat mode, conversion of specified 
one channel is executed repeatedly. 
In scan repeat mode, scanning from ANO, ••• AN3 is 
executed repeatedly. 

ND conversion mode is selected by ADMOD <REPET, 
SCAN>. 



(5) ND Conversion Speed Selection 

There are two A/D conversion speed modes: high 
speed mode and low speed mode. The selection is 
executed by ADMOD <ADCS> register. 
When reset, ADMOD <ADCS> will be initialized to "0," 
so that high speed conversion mode will be selected. 

(6) ND Conversion End and Interrupt 

• ND conversion single mode 

ADMOD <EOCF> for ND conversion end will be 
set to "1 ADMOD <ADBF> flag will be reset to "0," 
and INTAD interrupt will be enabled when ND conver- 
sion of specified channel ends in fixed conversion 
channel mode or when ND conversion of the last 
channel ends in channel scan mode. 

• A/D conversion repeat mode 

For both fixed conversion channel mode and con- 
version channel scan mode, INTAD should be disabled 
when in repeat mode. Always set the INTEOAD at 
"000," that disables the interrupt request. 

Write "0" to ADMOD <REPET> to end the repeat 
mode. Then, the repeat mode will be exited as soon as 
the conversion in progress is completed. 

(7) Storing the A/D Conversion Result 

The results of A/D conversion are stored in ADREGO to 
ADREG3 registers for each channel. In repeat mode, 
the registers are updated whenever conversion ends. 
ADREGO to ADREG3 are read-only registers. 

(8) Reading the ND Conversion Result 

The results oiND conversion are stored in ADREGO to 
ADREG3 registers. When the contents of one of 
ADREGO to ADREG3 registers are read, ADMOD 
<EOCF> will be cleared to "0". 

Setting example: When the analog input voltage of the 
AN3 pin is A/D converted and the 
result is stored in the memory 
address FF10H by A/D interrupt 
INTAD routine. 
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Main setting 

INTEOAD 1 1 - - - - 

ADMOD 4- X X 1 1 1 



Enable INTAD and sets interrupt level 4. 

Specify AN3 pin as an analog input channel and starts A/D conversion in high speed 
mode. 



INTAD routine 

WA «- ADREG3 

WA > > 6 

JOOFFIOH) WA 
When the analog input voltage of ANO ~ AN2 pins is A/D converted in high 
INTEOAD <-1 00----- 
ADMOD f- X X 1 1 1 1 

Note: x; don't care -; no change 



Read ADREG3L and ADREG3H values and writes to WA (16 bit). 
Right-shifts WA six times and writes in upper bits. 
Writes contents of WA in memory at FF10H. 
conversion channel scan repeat mode. 
Disable INTAD. 

Start the A/D conversion of analog input channels ANO ~ AN2 in the high-speed 
scan repeat mode. 



3.13 Watchdog Timer (Runaway Detecting Timer) 

The TMP96C081 F is coritaining watchdog timer of Runaway 
detecting. 

The watchdog timer (WDT) is used to return the CPU to 
the normal state when it detects that the CPU has started to 
malfunction (runaway) due to causes such as noise. When the 



watchdog timer detects a malfunction, it generates a non- 
maskable interrupt to notify the CPU of the malfunction, and 
outputs externally from watchdog timer out pin WDTOUT to 
notify the peripheral devices of the malfunction. 

Connecting the watchdog timer output to the reset pin 
internally forces a reset. 
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3.13.1 Configuration 

Figure 3.13 (1) shows the block diagram of the watchdog timer (WDT). 



RESET 
INTWD 



WDMOD- 
<WDTP1,0>- 



-{>° □ WDTOUT 



^ (fc/2)— 



Selector 



Watchdog timer 
22-stage binary counter 



Reset. 
HALT- 



(Stopor Idle mode) 



4EH 
Write 



WDMOD<RESET> 



B1H 
Write 



Watchdog timer 
control register 



77 



Internal bus 



Watchdog timer 
out control 



I 1 t 



Reset 
■WDMOD 
<WDTE> 



Figure 3.13 (1). Block Diagram of Watchdog Timer 
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The watchdog timer is a 22-stage binary counter which 
uses (fc/2) as the input clock. There are four outputs fronn the 
binary counter: 2''^/fc, 2''^/fc, 2^°/fc, and Selecting one 
of the outputs with the WDMOD register generates a watch- 
dog interrupt, and outputs watchdog timer out when an over- 
flow occurs. 

Since the watchdog timer out pin (WDTOUT) outputs "0" 
due to a watchdog timer overflow, the peripheral devices can 



be reset. The watchdog timer out pin is set to 1 by clearing the 
watchdog timer (by writin g a clear c ode 4EH in the WDCR reg- 
ister). In other words, the WDTOUT keeps outputting "0" until 
the clear code is written. 

The watchdog timer out pin can also be connected to the 
reset pin in ternally. In this case, the watchdog timer out pin 
(WDTOUT) outputs at 8 to 20 states (800ns to 2.0ns @ 
20MHz) and resets itself. 



WDT Counter n 

WDT Interrupt | | 

Clear code of write 

WDT Clear 

(Soft ware) fr— 



r 



Figure 3.13 (2). Normal Mode 



WDT Counter 



WDT Interrupt | 



WDTOUT . 
(Internal Reset) 



Figure 3.13 (3). Reset Mode 
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3.13.2 Control Registers 

Watchdog timer WDT is controlled by two control registers 
WDMOD and WDCR. 

(1 ) Watchdog Timer Mode Register (WDMOD) 



To disable, it is necessary to clear this bit to "0" and 
write the disable code (B1 H) in the watchdog timer control 
register WDCR. This makes it difficult for the watchdog 
timer to be disabled by runaway 

However, it is possible to return from the disable 
state to enable state by merely setting <WDTE> to "1 ". 



® Setting the detecting time of watchdog timer 
<WDTP> 

This 2-bit register is used to set the watchdog timer 
interrupt time for detecting the runaway. This register is 
initialized to WDMOD <WDTP1 , 0> = 00 when reset, and 
therefore 2^^/fc is set. (The number of states is approxi- 
mately 32,768). 

(D Watchdog timer enable/disable control register 
<WDTE> 

When reset, WDMOD <WDTE> is initialized to "1" 
enable the watchdog timer. 



(D Watchdog timer out reset connection <RESCR> 

This register is u sed to c onnect the output of the 
watchdog timer with RESET terminal, internally. Since 
WDMOD <RESCR> is initialized to at reset, a reset by 
the watchdog timer will not be performed. 



(2) Watchdog Timer Control Register (WDCR) 

This register is used to disable and clear the binary 
counter of the watchdog timer function. 



• Disable control 



WDMOD 
WDCR 



1 



X X Clear WDMOD <WDTE> to "0". 

1 Write the disable code (B1H). 



Enable control 
Set WDMOD <WDTE> to "1 ". 



• Watchdog timer clear control 

The binary counter can be cleared and resume 
counting by writing clear code (4EH) into the WDCR reg- 
ister. 



WDCR 



10 111 



Write the clear code (4EH). 
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WDMOD 
{005CH) 





7 


6 


5 


4 


: 3 j 2 


1 





bit Symbol 


WDTE 


WDTPl 


WDTPO 


WARM 


HALTMO : HALTMO 


RESCR 


DRVE 


Read/Write 


R/W 


After reset 


1 




















Function 


WDT 
control 

1 : Enable 


Select detecting time 

00: 2'6/fc 
01: 218/fc 
10: 220/fc 
1 1 : 222/fc 


Warming 
Uptime 

0: 2i*/fc 
1:2i6/fc 


Standby mode 

00: RUN mode 
01: STOP mode 
10: IDLE mode 
11: Don't care 


1: 

Internally 
connects 
WDT out to 
the reset pin 


1: 

Drive the 
pin even in 
STOP mode 




1 II II 



^ DRVE (explanation by stop mode) 
Watchdog timer out control 



Select the standby mode HALT instruction 



00 


RUN mode (Only the CPU stops) 


01 


STOP mode (All circuits stop) 


10 


IDLE mode (Only the oscillator operates) 


11 


Don't care 



Select the detecting period of watchdog 



time 


r 





2i4/fc(approx. 1.0ms @16MHz) 


1 


2 1 6/f c (approx. 4. 1 ms @ 1 6M Hz) 


Select the detecting time of watchdog timer 


00 


216/fc (approx. 4.1ms @16M Hz) 


01 


2 18/fc (approx. 16ms@16MHz) 


10 


220/fc (approx. 66m$ @16MH2) 


11 


222/fc (approx. 262ms ©ISMHz) 


Watchdog timer Enable / Disable control 





Disable 


1 


Enable 



Figure 3.13 (4). Watchdog Timer Mode Register 
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WDCR 
(005DH) 





7;6i5|4i3i2ili0 


bit Symbol 




Rcdd/Writc 


W 


After reset 




Function 


B1H : WOT disable code 
4EH : WOT clear code 







' Disable/clear WDT 



B1H 


Disable code 


4EH 


Clear code 


Others 





Figure 3.13 (5). Watchdog Timer Control Register 
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3.13.3 Operation 

The watchdog timer generates interrupt INTWD after the 
detecting time set in the WDMOD <WDTP1 , 0> register and 
outputs a low level signal. The watchdog timer must be zero- 
cleared by software before an INTWD interrupt is generated. If 
the CPU malfunctions (runaway) due to causes such as noise, 
but does not execute the instruction used to clear the binary 
counter, the binary counter overflows and an INTWD interrupt 
is generated. The CPU detects malfunction (runaway) due to 
the INTWD Interrupt and it is possible to return to normal oper- 



ation by an anti-malfunction program. By connecting the 
watchdog timer out pin to peripheral devices' resets, a CPU 
malfunction can also be acknowledged to other devices. 

The watchdog timer restarts operation immediately after 
resetting is released. 

The watchdog timer stops its operation in the IDLE and 
STOP modes. 

The watchdog timer stops when a bus is released or 
internal DMAC is operating. 



Example: ® Clear the binary counter 

WDCR <- 1 1 1 1 

® Set the watchdog timer detecting time to 2^^/fc 
WDMOD 4- 1 1 - - - X X 



Write clear code (4EH). 



Disable the watchdog timer 

WDMOD <- ----- X X Clear WDTE to "0". 
WDCR <- 1 1 1 1 Write disable code (B1H). 



® Set IDLE mode 







WDMOD 
WDCR ^10 1 
Executes HALT command 



1 X X 
1 



Disables WDT and sets IDLE mode. 



Set the standby mode 



Set the STOP mode (warming up time: 2''^/fc) 

WDMOD <- - - - 1 1 X X 
Executes HALT command 



Set the STOP mode. 

Execute HALT instruction. Set the standby mode. 
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3.14 Direct Memory Access Controller (DMAC) 
3.14.1 Outline 

The Direct Memory Access Controller (DMAC) is a peripheral 
circuit used to directly access memory in more than one 
mode. The DMAC enables direct data transfer between the 
internal and the external l/Os of the TMP96C081 without inter- 
fering with the CPU operation, thus contributing to system effi- 
ciency. 

The DMAC has four independent built-in channels. Pro- 
grammable channel control registers support three transfer 
modes and two address specification methods. Auto-initializa- 
tion is also supported. This enables repeated DMA transfers, 
by automatically returning the values previously set in the regis- 
ters at the completion of one data transfer. 

Also supported are: 

• increment/decrement of transfer source and destination 
address 

• accesses necessary for the DMAC built into the MCU, such 
as access to fixed addresses and access in I/O mode (see 
3.14.4 (4) Address specification). 



maximum number of transfer blocks: 64K words 
maximum address area: 1 6M bytes 

3.14.2 Features 

• Four independent DMA channels 

• Transfer speed at 20MHz: 

Single address transfer: 

external memory -> external I/O, 5M bytes (words)/s 
external memory internal I/O, 5M bytes/s 
internal memory external I/O, 3.3M bytes/s 

Dual address transfer: 

8 8 or 1 6-^ 1 6 bit transfer, 2.5M bytes (word)/s 
8 -> 1 6 or 1 6-> 8 bit transfer, 3.3 M bytes (word)/s 

• Three transfer modes; byte, demand, and continuous 

• Transfer between memories or between memories and l/Os 

• Independent auto-initialization for each channel 

• Programmable address increment/decrement/fixed I/O 
mode 

• Control of enable/disable for each DMA request 

• Three methods of ending transfers: completion of specified 
number of transfers, end of process by external circuit, and 
data match detect 

• DMA request by software 

• Report of transfer end to CPU by interrupt 

• Channel priority can be rotated 

• Transfer between ROM and RAM in different bus sizes 



3.14.3 Circuit Configuration and Related Pins 

The circuit configuration 

Note: An asterisk* next to the pin name represents a 
channel number. 



(1) DREG* 

Input pin used for DMA start requested by an external 
circuit. 



(2) DACK* 

Output pin used respond to DMA start requested by 
an external circuit. 

(3) TO* 

Output signal pin used to indicate DMA completion. 
The specified number of DMA transfers in response to 
a DMA request is ended. 

(4) EOP* 

Input pin used to request DMA transfer ended by an 
external circuit. 

AEN* 

Output signal used to externally notify DMA in opera- 
tion. 



(6) lORD* 

Read signal used for external l/Os. 



(7) lOWR* 

Write signal used for external l/Os. 



Channels have the following capabilities: 
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Request Control 



- INTAD 
- INTTO 
- INTT2 
- INTT5 

- INTRXO/1 

- INTTXO/1 

- DACKRXO/1 

- DACKTXO/1 

' DACKADL/H 

- DREQ0~3 

■ DACK0~3 

■ BUSRQ 



address 


count 




decremcnter 


decrementer 




(24) 


(16) 



base 

distination 
address 

register 


base 
source 
address 
register 


base 
counter 


(24x4) 


(24 X 4) 


(16x4) 



current 

distination 

address 



24blt bus 16 bit bus 



current 
source 
address 
register 

(16x4) 



count 
register 



Address 
control 
block 



DMA Control Block 



match comparater 

7T 



data 
match 
register 



buffer 

(16) 



mode 


status 


command 


register 


register 




(24x4) 


(8x4) 



" RD 

- WR 

- lORD 

■ lOWR 

- AEN 

- MATCH 

■ TC 

- ERROR 

• INTDO-3 

- EOP 



Figure 3.14 (1). DMAC Block 
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3.14.4 DMA Operation 

This section describes address specification methods, transfer 
modes, start/stop methods, and interrupt generation. 

(1 ) Address Specification Methods 
• Single address transfer 



1 -byte or 1 -word transfer in 1 -bus cycle. Simultaneous 
read and write from/to memories and internal/external 
peripheral circuits. When an internal peripheral circuit is 
accessed, a wait may automatically be inserted to 
adjust the clock phase. Note that single address trans- 
fer is enabled only for SlOO, SI01 , and A/D among 
internal peripheral circuits. 



XI 

. CLK (not^ 
A16~23 
CS0~CS4 
DACK0~DACK3 
R/W 

ALE 
ADO- 15 
RD 

HWR, WR 
lORD 
lOWR 
RD 
WR 
lORD 
lOWR 



Ao-15 y 



Din 



lnt(?rnal write tim 



r 



Case(1) 



Case (2) 



Single address transfer 
Case (1) memory -» internal peripheral circuit (e.g. serial channels) 
Case (2) memory -» external I/O 



Figure 3.14 (1). Single Address Transfer Timing 

Note: CLK output is not necessarily the same as the above phase. 
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Single Address Transfer 
Internal peripheral circuit (e.g. serial channels) -» memory 



Figure 3.14 (2). Single Address Transfer Timing 

Note: CLK output is not necessarily the same as the above phase. 
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Figure 3.14 (3). Single Address Transfer Timing 

Note: CLK output is not necessarily the same as the above phase. 
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• Dual address transfer 

1 -byte or 1 -word transfer in 2-bus cycle consisting of 
read and write cycles. When an internal peripheral cir- 



cuit is accessed, a wait may automatically be inserted 
to adjust the clock phase. 
Note that DA CKO to DACK3 signals are output only 
when P ACK output is enabled. For details, see (10) 
DACK output enable bit. 




Figure 3.14 (4). Dual Address Transfer Timing 
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Figure 3.14 (5). Dual Address Transfer Timing 
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Transfer data from 8 bit size to 16 bit size 



Figure 3.14 (6). Dual Address Transfer Tinning 
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(2) Transfer Modes 

The DM AC supports the following three transfer 
modes. 

• Byte nnode 

In this mode, bus mastership is released after each 
transfer in response to a DMA request and whe n 
DREQ (DMA request input) is sensed. If DREQ is 
active, bu s maste rship is re-captured to resume DMA 
transfer; if DREQ is inactive, DMA transfer ends. 

• Continue mode 

In this mode, the specified number of DMA transfers is 
executed by one DMA request. 

• Demand mode 



In this mode, DMA transfers continue as lo ng as D REQ 
by one DMA request. Transfer ends when DREQ 
becomes inactive. 

(Note) When starting DMA transfer using a built-in p eripher al 
circuit which can be connected internally, the DREQ 
detect method (pulse or level) must be set depending 
on the output waveform of the interrupt signal to be 
connected. 

(3) DMA Transfer Start and Stop Methods 

• Start 

The DMAC can be started using any of the following 
three methods: 



1 . DREQ in put by e xternal periph eral circ uit 

inputting DREQ to the external DREQ pin correspond- 
ing to a channel starts DMA transfer. 



2. DREQ input by intern al perip heral circuit 
Selecting the internal DREQ input corresponding to a 
channel and ending the anticipated operation starts 
DMA transfer. 

3. Software request 

Setting the DSREQ* DMA start request bit in the 
DMACR* command register for a channel starts trans- 
fer. 



• Stop 

The DMAC can be stopped in any of the following 
three methods: 

1 . Completion of a set number of DMA transfers (terminal 
count: TC) 

When the number of data transfers set in the count 
register for a channel is completed, the DMAC 
releases bus mastership and outputs the TC signal. 
Interrupt generation and setting the TC* (* = channel 
number) bit in the status register notify the CPU of 
DMAC stop. 

2. End of process signal input by external circuit (End of 
process: EOP] 

Inputting the EOP signal to a channel in DMA transfer 
ends transfer and releases bus mastership. Interrupt 
generation and setting the EOP* (* = channel number) 
bit in the status register notify the CPU of DMAC stop. 

3. Data match detected (match: MATCH) 

Detecting a match between the data set in the match 
register for a channel and the data to be transferred 
ends transfer. Interrupt generation and setting the 
MAT* (* = channel number) bit in the status register 
notify the CPU of DMAC stop. 

(4) DMA Transfer Start and Stop Methods 

The DMAC supports four methods for updating the 
transfer source and destination address: 

1 . Fixed mode: 

Used to access address set in the transfer source and 
destination address registers. 

2. Increment mode: 

Used to sequentially increment addresses set in the 
transfer source and destination address registers: 
DMASAA/B/C* and DMADAA/B/C (* = channel num- 
ber). 

3. Decrement mode: 

Used to sequentially decrement addresses set in the 
transfer source and destination address registers: 
DMASAA/B/C* and DMADA/VB/C (* = channel num- 
ber). 

4. I/O mode: 

Used to access 2-byte data repeatedly. Useful for 
accessing internal peripheral circuits 
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Transfer destination (memory) 



Conversion result by A/D converter 



Address 000060H 
61H 




DMAC setting contents 
Transfer source : ADREG04 L/H 
Transfer destination : memory 
Address updata method : 

transfer source : I/O mode and transfer destination : INC mode 
Counter : 8 bytes 



lower 2 bits 


007000H 


uppers bits 


01H 


lower 2 bits 


02H 


uppers bits 


03H 


lower 2 bits 


04H 


uppers bits 


05H 


lower 2 bits 


06H 


upper S bits 


07H 



Figure 3.14 (5). Example: Setting Transfer Source Address Update Method to I/O Mode 



(5) Transfer Error Generation 

The DMAC can notify the CPU that a transfer is 
accepted by setting in the count register. When is 
set in the count register, accepting a transfer request 
causes an error to occur in the DMAC. In this case, the 
DMAC does not perfornn DMA transfer. It generates an 
interrupt and sets the ERR* bit (* = channel) in the sta- 
tus register. After an error occurred in the DMAC, DMA 
transfer can be enabled by the following steps: 

(1) set a value other than in the count register. 

(2) reset the error bit in the status register. 

(3) set the DMA enable bit. 

However, if the DMA request source disappears during 
step (1) to (3), DMA transfer will not be performed. 

(6) Auto-initialization 

When DMA transfer stops (explained in (3), DMA trans- 
fer start and stop methods), and RLD*, the auto-initial- 
ization bit in the DMACR* command register for a 
channel is set, the pre-transfer data is returned to the 
registers. One of the advantages of auto-initialization is 
that it eliminates the need to set the DMA control regis- 
ters when the same address is repeatedly accessed. 
Auto-initialization is used for count registers, and trans- 



fer source and destination address registers. 
Usually, the DMAEN* bit in the DMACR* command 
register is cleared after a channel ends transfer. How- 
ever, if RLD is set and DMA transfer stops due to inter- 
rupt disable (set in the DMACR command register), the 
DMAEN* bit will not be cleared. In this case, when a 
DMA request is generated, DMA transfer restarts with- 
out setting DMA enable again. 

(7) Channel Priority Setting 

The DMAC supports the following two methods for 
setting channel priority. Priority is set in the PRI bit of 
the DMAM0DA3 mode A register. 

1 . Fixed method 

Used to assign fixed priorities to four channels. Chan- 
nel has the highest priority: next highest is channel 1 , 
then channel 2, and channel 3 has the lowest priority. 

2. Rotate mode 

Used to change the priorities of four channels. In this 
mode, when DMA transfer ends for a channel, the pri- 
ority of that channel becomes the lowest, then the next 
channel has the highest priority. 
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(8) Interrupt Generation 

The DMAC can notify the CPU of an event such as 
transfer end by generating an interrupt. The DMAC 
supports the following four interrupt sources. It can set 
interrupt generation enable/disable using the DMACR* 
(* = channel nunnber) command register. 

1. Match (MATCH) 

Data set in the match register matched the data being 
transferred. 

2. Terminal count (TC) 

Number of transfers set in the count register has 
ended. 

3. End of process (EOP) 

Transfer ended by end of process input externally. 



4. Error (ERROR) 

DMA start request is generated with Os In the count 
register and an error has occurred in the correspond- 
ing channel. 

When an interrupt is generated, this is reflected in the 
DMAST* status register. Thus, writing 1 in DMAST* 
clears the status. 



(9) DACK Output Enable Bit 

Bit 7 in the DMACR* command register for cha nnels 
to 2 is used to set wh ether to send a response (DACK) 
when a DMA request (DREQ) is input to a channel. 
DACK signal output can be classified as shown in the 
table below, depending on the combination of address 
specification method and transfer mode. 
Bit 7 in the DMAC3* command register for channel 3 is 
used to set DMAC channel priority. Thus. DACK signal 
output cannot be set for channel 3. Instead, channel 3 
supports DACK output using set in bit 7 of other 
channels. 
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Table 3.14 (7) DAMC Register Setting and Address and DACK Output 





— DACK 


IVll(J/IV,/IVI 


^ng/uua i 


Internal 










output 






connection 


Output 


Internal 


cxicrnai 










/no connection 


aUUl C39 


DACK 


DACK 


DMA 


rvivjuA 


IVIIJL/A 


IVlvyUA 


MODB 




address 


output 


start source 


bit? 


bit3 




blt4 










: no output 


: 10 -* M 


: Dual 


0: no 


SA : Transfer 


O: 


O: 




1 : output 


1 : M^IO 


1 : SngI 


connection 


source 


output 


output 










1 : connection 


DA : destination 




















SA/DA 


X 


X 




1 











SA/DA 


X 


o 










1 





DA 


X 


o 


External 


1 





1 





DA 




o 


DREQ 





1 








SA/DA 


X 


X 




1 


1 








SA/DA 


X 


o 







1 


1 





SA 


X 


o 




1 


1 


1 





SA 


X 


o 













1 


SA/DA 


X 


X 




1 








1 


SA/DA 


X 


o 










1 


1 


DA 


o 


X 


Internal 


1 





1 


1 


DA 


o 


o 


DREQ 





1 





1 


SA/DA 


X 


X 




1 


1 





1 


SA/DA 


X 


o 







1 


1 


1 


SA 


o 


X 




1 


1 


1 


1 


SA 


o 


o 
















SA/DA 


X 


X 




1 











SA/DA 


X 


o 










1 





DA 


X 


o 


Software 


1 





1 





DA 


X 


o 


request 





1 








SA/DA 


X 


X 




1 


1 








SA/DA 


X 


o 







1 


1 





SA 


X 


o 




1 


1 


1 





SA 


X 






Notes : • Internal DREQ signal is used by the peripheral circuit specified by bits 7 to 5 in the mode B 

register. Internal DACK signal is only output at SlOO send request, SlOO receive request, SI01 
send request, SI01 receive request, and A/D conversion end. 

• To start the DMA by an external DREQ or software request, set the internal connect bit (bit 4 
in the mode B register) to 0. 

• Do not set <PAFC> for DREQ function with software request start. 
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3.14.5 DMAC Control Registers 

The TMP96C081 F has four built-in independent channels, 
each of which has 1 4 registers belonging to eight register 
groups. Channel functions are almost the same. Channel-spe- 
cific functions specific to channels are also explained below. 

When setting the following (1 ) to (8) registers, the 
TMP96C081 F must be in DMA disable state (bit DMAEN* in 
the DMACR* command register = 0). 



(1 ) Source Address Register, Common to All Channels 
(*: channel number) 

Used to specify the start address of the data trans- 
ferred by the DMAC, and memory-mapped I/O register 
addresses. To transfer 1 6-bit data, specify even-num- 
bered addresses. 



DMASAA* (Transfer source address : lower 8 bits) 



Register name 
DMASAA* 


87 


B6 


B5 


B4 


83 


82 


81 


80 


SA07* 


SA06* 


SA05* 


SA04* 


SA03* 


SA02* 


SA01* 


SAOO* 


DMASAB* (Transfer source address : middle 8 bits) 


Register name 
DMASAB* 


B7 


B6 


B5 


84 


83 


82 


81 


80 


SA15* 


SA14* 


SA13* 


SA12* 


SA11* 


SA10* 


SA09* 


SA08* 


DMASAC* (Transfer source address : upper 8 bits) 


Register name 
DMASAC* 


B7 


B6 


85 


84 


83 


82 


81 


80 


SA23* 


SA22* 


SA21* 


SA20* 


SA19* 


SA18* 


SA17* 


SA16* 



(2) Destination Address Register, Common to All Channels 
(* = Channel Number) 



Used to specify the transfer destination address. To 
transfer 1 6-bit data, specify even-numbered 
addresses. 



DMADAA* (Transfer destination address : lower 8 bits) 



Register name 
DMADAA* 


87 


B6 


85 


84 


83 


82 


81 


80 


DA07* 


DA06* 


DAGS* 


DA04* 


DA03* 


DA02* 


DA01* 


DAGO* 


DMADAB* (Transfer destination address : middle 8 bits) 


Register name 
DMADAB* 


87 


86 


B5 


84 


B3 


82 


81 


80 


DA15* 


DA 14* 


DA13* 


DA12* 


DA11* 


DA10* 


DA09* 


DA08* 


DMADAC* (Transfer destination address : upper 8 bits) 


Register name 
DMADAC* 


87 


86 


85 


B4 


83 


82 


81 


BO 


DA23* 


DA22* 


DA21* 


DA20* 


DA19* 


DA18* 


DA17* 


DAI 6* 
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(3) Count Register, Common to All Channels (* = Channel 
Number) 

Used to specify the number of bytes for 8-bit DMA 



transfer or the number of words for 1 6-bit DMA transfer. 
If the data width of the transfer source differs from the 
transfer destination, the data width of the transfer 
source is used for counting data. 



DMACTA* (Count register : lower 8 bits) 



Register name 
DMACTA* 


87 


86 


85 


84 


83 


82 


81 


80 


CT07* 


CT06* 


CT05* 


CT04* 


CT03* 


CT02* 


CT01* 


CTOO* 


DMACTB* (Count register : upper 8 bits) 


Register name 
DMACTB* 


87 


86 


85 


84 


83 


82 


81 


80 


CT15* 


CT14* 


CT13* 


CT12* 


CT11* 


CT10* 


CT09* 


CT08* 



(4) Match Register, Common to All Channels (* = Channel 
Number) 

Used to specify data for stopping DMA transfer if the 
specified data is accessed during DMA transfer. For 8- 



bit to 8-bit transfer, the upper 8-bits are not compared 
but ignored. 

If the data width of the transfer source differs from the 
transfer destination, the data width of the transfer 
source is used for counting data. 



DMAMAA* (Match data : lower 8 bits) 



Register name 
DMAMAA* 


87 


86 


85 


84 


83 


82 


81 


80 


MA07* 


MA06* 


MA05* 


MA04* 


MA03* 


MA02* 


MA01* 


MAOO* 


DMAMAB* (Match data : upper 8 bits) 


Register name 
DMAMAB* 


87 


86 


B5 


84 


83 


82 


81 


80 


MA15* 


MAM* 


MA13* 


MA12* 


MA11* 


MAIO* 


MA09* 


MA08* 
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(5) Mode Register A, Common to Channels to 2; 
Excluding Channel 3 

Used to specify transfer mode, data width, and transfer 
direction. With channels to 2, bit 7 is used to specify 



whether to output PA CK to re quest source at DMA 
transfer by an external DREQ. With channel 3, bit 7 is 
used to specify channel priority specification method 
for the DMAC; that is, DACK output cannot be set. 



Channels to 2 (* : channel number) 





B7 


B6 


B5 B4 


B3 


B2 


B1 BO 


bit Symbol 


DACK* 


LV* 


BUS1* j BUSO* 


DIR* 


SD* 


MODI* ! MODO* 


Read/Write 


IVW 




After reset 














1 





Function 


Sets outputiSets DREQ 
DACK idetect 
0: NoDACKiO: Detects 
output ; DREQ by 
1 : DACK i level 
output :1: Detects 
i DREQ by 
pulse 


Sets transfer source ar>d 
destination data width 
00: Bbits lor transfer source 
and Bblts for transfer 
destination 

01: 16bit$ for transfer 

source and 1 6bits for 

transfer destination 

10: Bbits for transfer source 

and 1 6bits for transfer 

destination 

11: 16bits for transfer 
source and Bbits for transfer 
destination 


Sets jSets DMA 
transfer jtransfer 
direction inimethod 
single ;0: Dual 
address address 
transfer transfer 
0:1/0 j1: Single 

-»MEM i address 
1:MEM transfer 

-»l/0 


Sets DMA transfer 
mode 

00: Byte mode 
01: Continue mode 
10: Demand mode 
11: Not defined 



Sets DMA transfer mode 



00 


Byte mode 


01 


Continue mode 


10 


Demand mode 


11 


Not defined 


Sets DMA transfer method 





Dual address tranfer 


1 


Single address transfer 


Sets transfer direction in single 


address transfer (Note 1) 





l/0-»MEM 


1 


MEM^I/O 



Sets transfer source and 
destination data width (Note 2) 



00 


Bbits for transfer source and destination data width 


01 


1 6bits for transfer source and 1 6bits for tranfer destination 


10 


Bbits for transfer source and 1 6bits for transfer destination 


11 


1 6bits for transfer source and Bbits for transfer destination 



Sets DREQ detect by level or pulse 






Detects DREQ by level 


1 


Detects DREQ by pulse 



Sets whether to output DACK (Note 3) 






No DACK output 


1 


DA'Ck output 



(Notel)The DIR* bit is sighificant only when single address transfer is specified in the SD* bit below. 

(Note2) Operations depend on transfer mode. For details, see Table 3.14 (7), DMAC register setting and address/DACK output. 
(Note3)Set the transfer source and destination data widths to same as those in the CS/w controller. When transferring data 

to/from internal memory mapped I/O (including internal 1/0 in single address transfer). Set the transfer data width to 

Bbits. 

(Note4)Set the transfer source and destination data widths to same as those when single address transfer is specified. 
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Channels 3 





B7 B6 B5 84 


B3 B2 


B1 BO 


bit Symbol 


PRI LV3 i BUS13 i BUS03 


DIR3 SD3 


MOD 13 ; MOD03 


Read/Write 


RAN 




After reset 

















Function 


Specifies 

channel 

priority 

0: Fixes 
channel 
priority 

1 : Rotates 
channel 
priority 


Sets DREQ 
detect 
0: Detects 

DREQ by 

level 
1: Detects 

DREQ by 

pulse 


Seti transfer source and 
destination data width 
00: Bbits for transfer source 
and ebits for transfer 
destination 

•01: lebits for transfer 

source and 16bitsfor 

transfer distination 

10: Bbits for transfer source 

and I6bit$ for transfer 

distination 

11: 16bits for transfer 
source and Bbits for transfer 
distination 


Sets iSets DMA 
transfer itransfer 
•direction injmethod 
single iO: Dual 
address address 
transfer transfer 
O. l/O :i: Single 

-»MEM i address 
1 : MEM transfer 

-♦I/O 


Sets DMA transfer 
mode 

00: Byte mode 
01: Continue mode 
10: Demand mode 
11: Not defined 



Sets DMA transfer mode 



00 


Byte mode 


01 


Continue mode 


10 


Demand mode 


11 


Not defined 


Sets DMA transfer method 





Dual address tranfer 


1 


Single address transfer 


Sets transfer direction in single 
address transfer (Note 1) 





l/O-^MEM 


1 


MEM-»l/0 



Sets transfer source and 
distination data width (Note 2) 



00 


Bbits for transfer source and distination data width 


01 


I6bits for transfer source and 16bits for tranfer destination 


10 


Bbits for transfer source and 1 6bit$ for transfer destination 


11 


I6bits for transfer source and Bbits for transfer destination 



Sets DREQ detect by level or 






Detects DREQ by level 


1 


Detects DREQ by pulse 



Specifies channel priority 






Fixes channel priority : chO>ch1 >ch2>ch3 


1 


Rotates channel priority : chO-»ch1-»ch2-Kh3 



(Notel)The DIR* bit is sighificant only when single address transfer is specified intheSD bit below. 

(Note2)Set the transfer source and destination data widths to same as those in the CS/W controller. When transferring data 
to/from internal memory mapped I/O (including internal I/O in single address transfer), set the transfer data width to 
Bbits. 
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Mode Register B, Common to All Channels internal I/O and DMA start request; also, the method 

for updating transfer source and destination address. 

Used to control connection between the TMP96C081 





B7 B6 85 84 83 82 


81 BO 


bit Symbol 


IDRQ2* : IDRQ1* \ IDRQO* \ IDRQE* \ DAI* \ DAO* 


SA1* : SAO* 


Read/Write 






After reset 


i 1 











Function 


Specifies internal I/O and OREQ connection 
000: Requests at SlOO send end (by pulse) 
001 : Requests at SlOO receive end(by level, 

released by SCOBUF read) 
010: Requests at SI01 send end (by pulse) 
Oil: Requests at SI01 receive end 

(by level, released by SCt BUF read) 
100: Requests at A/0 conversion end (by 

level, released by ADREG04H read) 
101: Requests at S-bit timer time out (by 

pulse) 

1 10: Requests to8-bit PWM timer 2 time 

out (by pulse) 
111: Requests at 1 6-bit timer 4 time out (by 

pulse) 


Specifies 
interanl I/O 
specified by 
the above 3 
bits and OREQ 
connection 
0: Does not 

connect 

internal 

I/O to 

OREQ 
1: Connect 

internal 

IA>to 

OREQ 


Sets update method 
for transfer source 
00: Fixed mode 
01: Increment mode 
10: Decrement mode 
11:1/0 mode 

(2 bytes, repeated 

access) 


Sets update mdethod 
for transfer source 
address 

00: Fixed mode 
01: Increment mode 
10: Decrement mode 
11: I/O mode 

(2 bytes, repeated 

access) 



l— ». Sets update method for transfer source 





ss 


00 


Fixed mode 


01 


Increment mode 


10 


Decrement mode 


11 


I/O mode (2 bytes, repeated access) 



— ^ Sets update method for transfer source 





ss 


00 


Fixed mode 


01 


Increment mode 


10 


Decrement mode 


11 


I/O mode (2 bytes, repeated access) 



Specifies internal I/O specified by the above 3 






Does not connect internal I/O to DREQ 


1 


Connect internal I/O to DREQ 



Specifies internal I/O DREQ connection (Note) 



87 86 85 


Specifies internal I/O and DREQ connection 


Internal DACK 





Requests at SlOO send end (by pulse) 


Yes 


1 


Requests at SlOO receive end (by level, released by SCOBUF read) 


Yes 


1 


Requests at SI01 send end (by pulse) 


Yes 


1 1 


Requests at SI01 receive end (by level, released bySCIBUF read) 


Yes 


1 


Requests at A/D conversion end (by level, released by ADREG04H read) 


Yes 


1 1 


Requests at 8-bit timer time out (by pulse) 


No 


1 1 


Requests at 8-bit PWM timer 2 time out (by pulse) 


No 


1 1 1 


Requests at 1 6-bit timer 4 time out (by pulse) 


No 



(Note) For a reques t by pulse, set the LV* bit in the DMAMODA* register to 1 ; for a request by level, to 0. 
Since DACK for A/D conversion end is connected to CHO, use CHO for DMA transfer. 
ANO and AN4 of A/D converter, use ANO or AN4 for DMA transfer . (selectable using ADBS register) 
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(7) Command Register, Common to All Channels tion, or software request. 

Used to control interrupt enable/disable, auto-initializa- 





B7 : B6 : BS B4 ; B3 ! B2 B1 i BO 


bit Symbol 


IMT* ITC* lEP* lER* i MAT* \ RLD* ] DSREQ* i DMAEN* 


Read/Write 


R/W 


After reset 


; i ; 





; ; 


Function 


Sets interrupt enable/disable for the interrupt 
source specified by each bit. 

0: Disable 
1: Enable 

87: Data match 
86: Terminal count 
85: Compulsory stop 
84: Error request 


Set« enabi*/ 
diMble match 
detect 
between 
OMA transfer 
data and data 
m match 
register 
0: Disables 

match 

detect 
1: Enables 

match 

detect 


Sets enable/ :SetsDlVIA iSetS DMA 

disable auto :trans(erby 

nitiahzation -software 

O:0isables :0:Ooesnot jO: Disables 
auto- ' request DMA 
initializatiori DMA ctart 

1:Enables ; transfer by i 

auto- ; software jl Enables 
initialization' 1 : Requests DMAE 

^ '^'^'^ start 
; transfer by : 
: software 




Sets DMA START 






Disables DMA start 


1 


Enables DMAE start 



— Sets DMA transfer by soft ware 






Does not request DMA transfer by software 


1 


Requests DMA transfer by software 



Sets enable/disable auto initialization (Note) 






Disables auto-initialization 


1 


Enables auto-initialization 



Sets enable/ disable match detect between 
3MA transfer 4at^ an<i (j^i^ in mg^h r^qiiW 

Disables match detect 

1 I Enables match detect 



Sets interrupt enable/disable 
for the interrupt source 
specified by each bit. 






Disable 


1 


Enable 



(Note) When aulo-initiaiization is set, start of aulo-mitializalion can be selected depending on the interrupt source. (More than 
one interrupt source can be specified) 

For interrupt source for which auto-inilialization is enabled, to disable interrupts, sets Os in bits 7 to 4 in the DMACR* ; 
for interrupt source for which auto-initialization is disabled, to enable interrupts, set Is. 
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(8) Status Register B, Common to All Channels 
(* = Channel Number) 

Used to display DMA stop source or error generation, 
or whet her ther e are any sources held for internal/ 
external DREQs. 



Writing 1 in the EOP*. MAT*, TC*, or ERR* bit clears 
the DMA transfer stop source. Once EN* bit is latched. 
it is he ld until the status is cleared or reset. When 
DREQ is detected by level (by setting the LV bit in the 
mode A* register), the EN* bit must be cleared in order 
to determine the current DMA request before the sta- 
tus register. 





B7 


B6 


B5 


84 


83 ; 82 i 81 


80 


bit Symbol 








EN* 


EOP* i MAT* i TC* 


ERR* 


ReadA/Vrite 




After reset 














i ; 





Function 








Displays 
whether 
DMA start 
source is 
held 
0: Start 

source 

not held 
1 : Start 

source 

held 


Displays whether DMA transfer 
stop source is generated 

0: Stop source not generated 

1 : Stop source generated 


Displays 
whether 
error is 
generated 
0: Error 
not 

generat 
ed 
1 : Error 
generat 
ed 



* (Write function is abailable only in bit clear mode) 



Displays whether error is 
generated 






Disables DMA start 


1 


Enable DMAE start 



Displays whether DMA transfer 
stop source is generated 



Stop source not generated 



Stop source generated 



. Displays whether DMA start 






Error not generated 


1 


Error generated 



(Note) This bit does not influence software requests. 
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Examples of program settings using DMAC 



(a) Initial setting 






LD 


SP . 


0200H 


Sets stack pointer to 200H 


MAX 






Sets maximum mode 


LD 


(BICSL ). 


93H 


CS/CAS ENABLF Rhit Rue A D wait 


LD 


(BICSH ). 


OOH 


Addresses 100H to 7FFFM 


LD 


(P4CR ). 


IFH 


output set 


LD 


(P4FC ). 


IFH 


CS/CASset 


LD 


(PIOCR ). 


02H 


output set 


LD 


(PIOFC ). 


03H 


DACKO. DREQOset 


LD 


(PllCR ). 


IDH 


output set 


LD 


(PllFC ). 


IFH 


iORD. lOW^, TC EOP, AEN set 


LD 


(INTDMAO). 


06H 


Sets DMAC chO interrupt request level to 6 


EI 


6 




Sets CPU interrupt receive level to6 



(b) Single address transfer start at completion of SIOOTx 



DMASAAO < 

DMAS ABO < 

DMASACO < 

DMACTAO * 

DMACTBO < 

DMAMAAO i 

DMAMABO 4 
DMAMODEAO* 



DMAMODEBO*- 00010010 



Sets transfer source address 



> 

>- 



Sets number of transfers 



DMACRO 



XXXXXXOX 



Sets data to be mached 

Pulse detect, transfer source : 8 bits transfer destination 
: 8 bits, memory -> I/O, single address transfer, byte mode 
Requests at completion of SIOOTx 
Does not set software request 
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Sets transfer source address 



(c) Single address transfer at completion of A/D conversion and continue mode start 
LSB 


X 
X 
X 


X 
X 
1 





MSB 

7 


6 


5 


4 


3 


2 


1 


OMAOAAO 








X 


X 


X 


X 


X 


DMADABO 






X 


X 


X 


X 


X 


X 


DMADACO 




X 


X 


X 


X 


X 


X 


X 


DMACTAO 






















1 


DMACTBO 

























OMAMAAO 




X 


X 


X 


X 


X 


X 


X 


DMAMABO 




X 


X 


X 


X 


X 


X 


X 


DMAMODEAO*- 


X 














1 





DMAMODEBO*- 


1 








1 











DMACRO 




X 


X 


X 


X 


X 


X 






y>- Sets number of transfers to 2 

^ Sets data to be matched 

Level detect, transfer source : 8 bits -» transfer destination : 
8 bits, I/O -* memory, single address transfer, continue mode 
Requests at completion of A/D conversion 
Does not set software request 



(d) Dual address transfer at completion of A/D conversion and continue mode start 
(update method : I/O mode) 

LSB 



MSB 

7 


6 


5 


4 


3 


2 


1 








1 


1 









































^ 























*- X 


X 


X 


X 


X 


X 


X 


X 


«- X 


X 


X 


X 


X 


X 


X 


X 


*- X 


X 


X 


X 


X 


X 


X 


X 




















1 






























OMASAAO 
DMASABO 
DMASACO 
DMADAAO 
OMAOABO 
DMADACO 
DMACTAO 
DMACTBO 



DMAMAAO «- X X X X X 
DMAMABO X X X X X 
DMAMODEAO*- X X 



Sets A/D register address 



Sets transfer destination address 



> 
> 



Sets number of transfers to 2. (Even number must be set 
because ADRE604L and ADREG04H must be read in two 
bytes.) 



DMAMODEBO*- 1 1 X X 1 1 
DMACRO f-XXXXXXOX 



Sets data to be matched 

Level detect, transfer source : 8 bits transfer destination : 8 
bits, dual address transfer, continue mode 
Requests at completion of A/D conversion. Transfer source : 
I/O mode 

Does not set software request 
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(g) DMA start at 1 6-bit timer 4 time out. and overwrite of timer register 

Dual address transfer, transfer source : 16 bits-* transfer destination : 8 bits 
Note : In this case, CS at the transfer source must be set to 16 bits. 
LSB 





MSB 

7 



DMASAAO 
OMASABO 
DMASACO 
OMADAAO 
OMAOABO 
DMAOACO 
DMACTAO 
DMACTBO 
DMAMAAO ' 
DMAMABO < 
DMAMODEA0< 



X 

<- X 
*■ X 
^ 
*■ 


*■ X 
<- X 
X 
X 
X 



6 5 4 
XXX 

X X 

X 

1 





X 

X 

X 

X 

1 



3 2 
X X 
X X 
X X 



XXX 
XXX 
XXX 
XXX 
X 



DMAMODEBO*- 1111110 1 



Sets transfer source address 



Sets timer register address 



^ Sets number of transfers 



> 



16 bits -> transfer destination : 



DMACRO 



XXXXXXOX 



Sets data to be matched 

Pulse detect, transfer source : 
8 bits, byte mode 

Starts at 16-bit timer 4 time out. 

Transfer source : I/O mode 

Transfer destination : increment mode 

Does not set software request 
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DMA Cycle Timing state dummy cycle may insert to bus cycle. 

When bus cycle return to CPU cycle from DMA cycle, 2 



DREQ timing, common to single and dual address transfers 



DREQ 

daTk 

AEN 





i K K K )( K K 1( 






X CPU I CPU 


X CPU X DMA X DMA (CPU) X 






1 CPU I CPU 


X CPU X CPU X DMA X 



( ) : in byte 
mode 



Omitted in byte 
mode 



MCU900-612 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C081F 



DREQ release : single address transfer, byte mode 

CLK 



\ \ i \ \ 11 K K K K 11 K > 






~1 DMA I CPU X DMA 


I CPU X CPU X CPU X CPU 






DMA If CPU ^ DMA 


[ X CPU X DMA X CPU X CPU 



DREQ 



AEN _J 

TC 



DREQ release : single address transfer, demand and continue modes 



XI 
CLK 



Continue 
mode BUS 

dreO , 

DACK _ 
AEN ' 
TC 





11 X 11 X 11 11 x x x 






X DMA X DMA X 


DMA X CPU X CPU X CPU X CPU 






X DMA X DMA X 


DMA X DMA X CPU X CPU X CPU 






"1 DMA X DMA X 


\ DMA X DMA X DMA X DMA X CPU 
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DREQ release : 


dual address transfer, bvte mode 


XI 






CLK 


K X K y II 


jt LJLJLJLJLJLJLJLJLJL. 








BUSA 


I CPU X DMA(RD) X DMA(WR) 


X CPU X CPU X CPU X CPU X CPU X 








BUSB 


X CPU X DMA{RD) X DMA(WR 


\ X CPU X OMA(RD) X DMA(WR) X CPU X CPU X 



DREQ 



DACk _7 \^ 
AEN ~"\ f 

TC 



J- 



DREQ release : dual address transfer, demand and continue modes 





XI 




CLK 


Demand 
mode 


BUSA 
BUSB 


Continue mode 
BUS 




i5REQ 




DACk 




AEN 




TC 





X X X X X X X X X X X X 






X DMA(WR) X DMA{RD) X 


DMA{WR) X CPU X CPU X CPU X CPU X CPU X 






X DMA(WR) X DMA(RD) X 


DMA(WR) X DMA(RD) X DMA(WR) X CPU X CPU X CPU X 






X DMA(WR) X OMA(RD) X 


i DMA(WR) X DMA(RD) X DMA(WR) X DMA(RD) X DMA(WR) X CPU X 
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End of process (EQP) : single address transfer 



continue mode 



DREQ 







DMA X CPU 


X DMA X CPU I CPU X CPU X 






~T( DMA(WR)X OMA(RD) 


X DMA(WR)X CPU X CPU X 






— . A 





AEN 
EOP 



J L 



"LJJ" 



End of process (EOP) : dual address transfer 



DREQ 
DACK 
AEN 
EOP 







t DMA (RD) X DMA (WR) 


I CPU I CPU I CPU X 






X DMA(WR)X DMA(RD) 


X DMA(WR)X CPU X CPU X 








p: J, 
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MATCH (second byte is used for match) : single address transfer 
Byte mode BUS A CPU "Hi DMA "Hi CPU X DMA "Hi CPU ~T[ CPU 

con^muemode ^ "1 ( CPU X DMA "")( DMA X DMA "K CPU I CPU 

bREQ~"\ 



MATCH (second byte is used for match) : dual address transfer 

xi Jl^AAAAAAAAAAAA- 

Byte mode BUS A 'T j CPU X dma(rdT1[ DMA(WRn( CPU X pma crdTII pma(wr) X CPU 

Demand/ BUS B "T C PU ]rDMA(RD) X DMA(WR) X DMA(RD)"1( DMA<WR) I CPU X CPU 

continue mode 

DREO ""\ 

DACk \ Jb \ : I 

AEN I I\ / 
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Auto initialization (TC = 1 or 2. match or no match) : single address transfer 

TzxzriizTiiiDcziiDczr^czDcix: 



CLK 



DREO 



Byte mode BUS t CPU j DMA j CPU jT^DMA jT" CPU I DMA I T 



Byte mode w M V \l \l \l \/~ 

(match detected m B US A CPU J DMA I CPU A CPU A DMA I CPU A 



demand/ gyj "") ( CPU I DMA X CPU j DMA "T( CPU I DMA ~T" 
continue mode ^ '» n, .A , l\ , A— 



TC 



demand/ 
continue 
(match detected 
first byte) 



m^ode BUS " K CPU i DMA X DMA X CPU X DMA ( DMA j T 



demand/ —--w i y y \i \l \i \/~~ 

continue mode BUS X CPU X DMA A DMA X CPU X CPU X DMA X 

(match detected m — 1\ n l\ l\ l\ A- 

f irst and second byte*) 

TC r~\ 



TC= 1, 
no match 



TC = 2. 
match 
detected in 
first byte 

TC=1, 
no match 



TC = 2. 
match 
detected in 
first byte 

TC = 2, 

match 
detected in 
first and 
second bytes 



Auto initialization (TC = 1): dual address transfer 

i i I i 11 > i > 11 » » r 

Byte mode BUS "T [ CPU j DMA(RD) X DMA(WR) X CPU X DMA(RD) X DMA(WR) f " 
contTemode "^ f CPU X DMA (RD) X DMA (WR) X CPU X DMA(RD) X DMA(WR) f " 
DREQ 
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Internal timing when an interrupt occurred 

xi j-\j-vr\j-vj\j\f\rj\f\. 



i i — i i f- 

Single address r»MA v V ■- m 

transfer BUS oTw L— 2!^!^ JL S£ll A 

TC / 

MATCH I 

EOP_/ ~ 

Dual address u u u ■ 

transfer BUS I div/ia(RD) I dma(wr) A cpu 

TC I 

MATCH / 

EOP I 



BUS CPU X CPU \ CPU 

DREQ 

ERR I 
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Priority order when transferring in byte mode (® Rotate mode, (2) Fixed mode) 



XI 
CLK 



— ry y^v4y^ — 



DAEOO ~\r> 



DAEQ1 ~\ 




DACKO 
DACKI" 
AEN 
BUSQ) 




CPU ]fcpul(Di;Mgfcpu^^ 

" ^ " " " " 

CPU fCPUl[DMA(j[CPLr)[DMA(XCPt71 [ 



Priority order when transferring in demand and continue mode 
(Auto initialization Rotate. @ Fixed mode, when TC = 1) 



XI 
CLK 



1-^ (when demanc^ 

DAEQO \\ t mode) 



DAEQ1 ~V 
DACKO 



when 
jdemand mode) 



(® when 
demand mode) 



DACKI 
AEN 

BUSO) 



CPU ][CPU][DMAC|DMa'^CPUIdmai1 [ 

CPU ](cpIjT[DMA()pviAoy cpuXdmacK 
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Priority order between BUSR^and DREQ when transferring in byte mode 



-U-u /-Y /-V Ar^vf-Y /-y- 




DACK 
AEN 



BUSA CPU > ' 

BUSB CPU f 



CPU 



If BUSRQ and DREQ are generated at sampling. BUSRQ has the 
priority over DREQ 
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Priority order between BUSRQ and DREQ when transferring in demand or continue mode 



XI 



CLK 



^ " 1-==^^^ <= 




DACK 
AEN 



BUS A CPU ~) - - (DMA 

BUSB CPU Hi CPU XdmaX DMA > • 



End of transfer 



Priority order between BUSRQ and other channel's DREQ when transferring DMA 



XI 



CLK 



-Tx h — h — h. 



BUSRQ 



BASACK 



DREQO _/V 
DREQT 



DACKO 

DACkl 
AEN 

BUS A DMA0"T 
BUSB 



X 



bs^ T 



DMAO \ DMAOT 



• - {dmai 



Because other channel's DREQ is sampled at the DMA las t trans fer cyde, BUSRQ has the 
priority even if BUSRQ is generated after other channel's DREQ is generated. 
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4. Electrical Characteristics 

4.1 Absolute Maximum (TMP96C081F) 



Symbol 


Parameter 


Rating 


Unit 


*cc 


Power Supply Voltage 


-0.5 ~ 6.5 


V 


VIN 


Input Voltage 


-0.5~Vcc + 0.5 


V 


XIOL 


Output Current (total) 


100 


mA 


ZIOH 


Output Current (total) 


-100 


mA 


PD 


Power Dissipation (Ta = 70°C) 


600 


mW 


T SOLDER 


Soldering Temperature (10s) 


260 




TSTG 


Storage Temperature 


-65-150 


°C 


TOPR 


Operating Temperature 


-20-70 


°C 
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4.2 DC Characteristics (TMP96C081 F) 

Vcc = 5V ± 10%, Ta = -20 - 70°C (Typical values are for Ta = 25°C and V^c = 5V) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


V IL 


Input LOW voltage (Auu- lo) 


-O.o 


n 
U.O 


V 




\/ 11 1 
V IL 1 


DO DO DA DC DC D7 DQ DO DA DD 

rZ, ro, r4, rO, ro, ri, ro, ry, rA, ro 


-U.o 


O.oVcc 


V 




\/ II 


DCCCT Klh/ll IMTH /DD7\ 

nbobi, NMI, IN ID [roi) 


-U.o 


n ot;\/ 
U.<iOVcc 


V 




V ILo 


AMo/ 1 D 


-U.o 


U.o 


V 




\/ II A 

V IL4 


A 1 


-U.o 


n o\/ 


\/ 
V 




\/ ll-l 
V In 


Inni if Minh V/nltano ^AHn 1 

input nign voiiaye ^auu - lOj 





\/ J. n Q 

Vcc ^•'5 


V 




\/ IU1 
V In 1 


DO DQ D^ Plk DR D7 Dft DQ DA DR 
re, ro, r4, rO, ro, ri , ro, ra, rA, ro 


n 7\/ 


Vgg + u.o 


V 




V Inc. 


RPQFT MU\ IMTH /Dfi7^ 
nLOtl, IMIVII, UN lU \rO/ ) 


n 7R\/ 

U./DVcc 


*CC 


u 

V 




VIH3 


AM8/16 


Vcc -0.3 


Vcc + 0.3 


V 




VIH4 


XI 


0.8Vcc 


Vcc + 0.3 


V 




VOL 


Output Low Voltage 




0.45 


V 


IOL = 1.6mA 


VOH 


Output High Voltage 


2.4 




V 


IOH = -40(^mA 


V0H1 




0.75Vcc 




V 


IOH = -100pA 


V0H2 




0.9Vcc 




V 


IOH=-20mA 


IDAR 


Darlington Drive Current 
(8 Output Pins max.) 


-1.0 


-3.5 


mA 


\/ CYT 1 CX/ 
V tAl = I.OV 

REXT = 1.1kQ 


1 LI 


Input Leakage Current 


n no rTwriN 
0.02 (Typ) 


iC 

±3 


• •A 

ma 


0.0<Vjn<Vcc 


1 LO 


Output Leakage Current 


u.uo (lypj 


±iU 


• ■A 

pA 


A ^ \/ no 


' CC 


rVnnrnfInn C'lirmr^i /Dl IKI\ 

Operating uurrent {KUN) 
IDLE 

STOP (Ta = -20~70°C) 
STOP (Ta = 0~50°C) 


26 (Typ) 
1.7 (Typ) 
0.2 (Typ) 


OU 
10 

50 
10 


mA 
mA 

mA 
mA 


'osc~ loMnZ 

0.2 ^Vin^ Vcc -0.2 
0.2 ^ Vjn ^ Vcc -0.2 


VSTOP 


Power Down Voltage 
(@STOP.RAM Back up) 


2.0 


6.0 


V 


VIL2 = 0.2Vcc. 
VIH2 = 0.8Vcc 


RRST 


RESET Pull Up Register 


50 


150 


KQ 




CIO 


Pin Capacitance 




10 


PF 


tosc = 1MHz 


VTH 


SchmittWidtti 

RESET, NMI. INTO (P87) 


0.4 


1.0 (Typ) 


V 




RK 


Pull Down/Up Register 


50 


150 


KQ 





Note: l-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics (TMP96C081F)Vcc = 6V±10%,Ta = -20 - 70°C (4MHz - 20MHz) 



No. 


Symbol 


Parameter 


Variable 


16IVIHZ 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


^osc 


Osc, Period (= x) 


62.5 


250 


62.5 




50 




ns 


2 


^CLK 


CLK width 


2X-40 




85 




60 




ns 


3 


tAK 


AO - 23 Valid-^CLK Hold 


0.5X-20 




11 




5 




ns 


4 




CLKValid->A0-23 Hold 


1.5X-70 




24 




5 




ns 


5 


til 


A0-15Valid-^ALE fall 


0.5X-15 




16 




10 




ns 


6 


'LA 


ALE fall-^A0-15Hold 


0.5X-15 




16 




10 




ns 


7 


til 


ALE High width 


x-40 




23 




10 




ns 


8 




ALE fall->RD/WRfall 


0.5X-30 




1 




-5 




ns 


9 


tn 


RD/WR rise->ALE rise 


0.5X-20 




11 




5 




ns 


10 


^ACL 


A0-15Valid-^RDAVRfall 


x-25 




38 




25 




ns 


11 


UcH 


AO - 23 Valid-^RD/WR fall 


1.5X-50 




44 




25 




ns 


12 


tpA 
^CA 


RD/WR rise-^AO - 23 Hold 


0.5X-20 




11 




5 




ns 


13 


^ADL 


A0-15Valid-^D0-15input 




3.0X-45 




143 




105 


ns 


14 


^ADH 


AO - 23 Valid-^DO - 15 input 




3.5X-65 




154 




110 


ns 


15 


^RD 


RD fall-^DO-15 input 




2.0X-50 




75 




50 


ns 


16 


^RR 


RDLow width 


2.0X-40 




85 




60 




ns 


17 


^HR 


RDrise->DO- 15 Hold 

















ns 


18 


^RAE 


RD rise— > AO - 15 output 


x-15 




48 




35 




ns 


19 


tyvw 


WRLow width 


2.0X-40 




85 




60 




ns 


20 


^DW 


D0-15Valid-^WRrise 


2.0X-50 




75 




50 




ns 


21 




WR rise-^D0-15Hold 


0.5X-10 




21 




15 




ns 


22 


Ueh 


AO - 23 Valid->WAiT input (IWAIT + n mode) 




3.5X-90 




129 




85 


ns 


23 




AO - 15 Valid-^WAff input (1WAIT + n mode) 




3.0X-80 




108 




70 


ns 


24 




RD/WR fall-^WAff Hold (1 WAIT + n mode) 


2.0X + 




125 




100 




ns 


25 


Uph 


AO - 23 Valid-^PORT input 




2.5X-120 




80 




36 


ns 


26 


^APH2 


AO - 23 Valid->PORT Hold 


2.5X + 50 




206 




175 




ns 


27 


^CP 


WR rise->PORT Valid 




200 




200 




200 


ns 


28 


^ASRH 


A0-23Valid->RAS fall 


I.Ox-40 




23 




10 




ns 


29 


^ASRL 


A0-15Valid^RASfall 


0.5X-15 




16 




10 




ns 


30 


^RAC 


RASfall^DO- 15 input 




2.5X-70 




130 




86 


ns 


31 


^RAH 


RASfall-^A0-15Hold 


0.5X-15 




16 




10 




ns 


32 


^RAS 


RASLow width 


2.0x - 40 




85 




60 




ns 


33 


^RP 


RASHigh width 


2.0X-40 




85 




60 




ns 


34 


tRSH 


CAS falURAS rise 


1.0X-35 




28 




15 




ns 


35 


^RSC 


RAS rise->CAS rise 


0.5X-25 




6 









ns 


36 




RASfall->C]^fall 


1.0X-40 




23 




10 




ns 


37 


^CAC 


CAS falUDO- 15 input 




1.5X-65 




29 




10 


ns 


38 


tCAS 


CAS Low width 


1.5X-30 




64 




45 




ns 



AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CLSOpF 

(However CL = 100pF for ADO ~ AD15,AD0 ~ AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO ~ CAS2) 

• Input Level: High 2.4V /Low 0.45V (ADO ~ AD15) 

HighO.SVcc /Low 0.2Vcc (Except for ADO ~ AD15) 
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(1) Read Cycle 



-kLK- 



"N 



R/W 



Port Input 



CAS0~4 



"^AWH" 
"tAWL- 



"^APH~" 
-tAPH2- 



■tASRH" 



tASRL; 



^RCD" 



^ACL~ 



ILC: 



tew-* 



-tRSH 
-^RAS 



-tKA- 



-tRAC 1" 

^CAS-T 



-tCAC" 



"tRR- 



AO-15 



^AL"^ 



^LA- 



-tLL- 



■^RD— 
"tADL" 



tRSC 



r 



1^ 



-tCA- 



JHR^ 

Do-15 



-tRp- 



tRAE- 
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(2) Write Cycle 



X 



WAIT 



Port Output 



CASO-4 



WR, HWR 



ADO- 15 



ALE 



X 



■< 



3t 



A0~15 



X 



X 



-tww~ 



DO- 15 



K 
t 



J 
-I 



X 
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4.3.2 Serial Channel Timing - I/O Interface Mode 

= 5V±10% TA = -20 - 70°C (4MHz - 20MHz) 



Number 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 




UAuK vaiid-^bLK noid 


0.5X-20 




11 




5 




ns 


2 




OLK vaiici->UAuK noia 


1.5X-70 




24 




5 




ns 


3 


Uek 


AbN valid^uLK nold 


0.5X-20 




11 




5 




ns 


4 


tKAE 


PI 1/ xinllA . ACM ^^^/\\A 

uLK valid— >AtN hold 


1.5X-70 




24 




5 




ns 


5 


kc 


Al C foil vIPDn/lPlA/D (nil 

ALL fall— >IUnU/iUWn tall 


0.5X-30 




1 




-5 




ns 


6 




luKD/lUWH rise->ALt rise 


0.5X-20 




11 




5 




ns 


7 




AO - 15 valid— >l(JnU/IUWR tall 


x-25 




38 




25 




ns 


Q 



Uek 


AH 00 woliH vinDn/ir\\A/D loll 
Au - do valid— >IUnU/IUWn fall 


1.5X-20 




44 




25 




ns 


9 


^KAE 


IORD/IOWRrise-^AO-23 hold 


0.5X-20 




11 




5 




ns 


10 


t|LC 


lORDfall->D0- 15 input 




2.0X-50 




75 




50 


ns 


11 


t|ACL 


lOWR low-^pulse width 


2.0X-40 




85 




60 




ns 


12 


t|ACH 


lORD rise->D0-15hold 

















ns 


13 


t|RAE 


lORDfall-^AO- 15 output 


x-15 




48 




35 




ns 


14 


t|ww 


lOWR low->pulse width 


2.0X-40 




85 




60 




ns 



AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CLSOpF 

(However CL = 100pF for ADO ~ AD15.AD0 ~ AD23, ALE. lORD, lOWR. CLK. AEN. DACKO ~ DACK3) 

• Input Level: High 2.4V /Low 0.45V (ADO ~ AD15) 

High 0.8VCC /Low 0.2Vcc (Except for ADO ~ AD1 5) 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



MCU900-627 



TMP96C081F 



TLCS-900 16-blt Microcontroller 



(1) DMA Cycle 



-/~^-Jr~\ 
tux. 



3: 
1. 



DACK0~3 



AEN 



ADO- 15 



ALE 



ADO- 15 



it 



itiACL 
-tiLC— 



K 



-tKAE- 



-tlRD- 



-■^ DO- 



♦t|CA-4 



r 



t^lRAE"*" 



t|HR, 



15 



-t|WW- 



D0~15 : 



MCU900-628 
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4.4 A/D Conversion Characteristics (TMP96C081F) 

Vcc = 5V±10%TA = -20 - 70°C 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vref 


Analog reference voltage 


Vcc-1-5 


Vcc 


Vcc 


V 


Agnd 


Analog reference voltage 


Vss 


Vss 


Vss 


Vain 


Analog input voltage range 


Vss 




Vcc 


Iref 


Analog current for analog reference voltage 




0.5 


1.5 


mA 


Error 
(Quantize error of 
LSB not included) 


Total error 

(TA = 25°C.Vcc = Vref = 5.0V) 






±4.0 


LSB 


Total error 






16.0 



4.5 Serial Channel Timing - I/O Interface Mode 

= 5V±10% TA = -20 - 70°C 

(1) SCLK Input Mode 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


^SCY 


SCLK cycle 


16x 




1 




0.8 




MS 


toss 


Output Data-Arising edge of SCLK 


tscY/2-5x-50 




137 




100 




ns 


toHS 


SCLK rising edge^output data tiold 


5X-100 




212 




150 




ns 


^HSR 


SCLK rising edge-^input data fiold 

















ns 


tsRD 


SCLK rising edge->effective data input 




tscY-5x-100 




587 




450 


ns 


(2) SCLK Output Mode 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tsCY 


SCLK cycle (programmable) 


16x 


8192X 


1 


512 


0.8 


409.6 


MS 


toss 


Output Data^rising edge of SCLK 


tscY-2x-150 




725 




550 




ns 


toHS 


SCLK rising edge^output data hold 


2X-80 




45 




20 




ns 


tHSR 


SCLK rising edge->input data hold 

















ns 


tsRD 


SCLK rising edge-^effective data input 




tscY-2x-150 




725 




550 


ns 



4.6 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7) 

Vcc = 5V±10% TA = -20 - 70°C 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tycK 


Clock cycle 


8X + 100 




600 




500 




ns 


VCKL 


Low level clock pulse width 


4X + 40 




290 




240 




ns 


tvCKH 


High level clock pulse width 


4x + 40 




290 




240 




ns 
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4.7 Interrupt Operation 

Vcc = 5V±10% Ta = -20 ~ 70°C 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tiNTAL 


NMI, INTO Low level pulse width 


4x 




250 




200 




ns 


tiNTAH 


NMi, INTO High level pulse width 


4x 




250 




200 




ns 


tiNTBL 


INT4 ~ INT7 Low level pulse width 


8X + 100 




600 




500 




ns 


t|NTBH 


INT4~INT7High level pulse width 


8X + 100 




600 




500 




ns 
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4.8 Timing Chart for I/O Interface Mode 



~L_J — L 



J — I I — L 



tsCY 



OUTPUT DATA 
TxD 



INPUT DATA 
RxD 




X VALID X X ^ALID X X VALID X X VALID 
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4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 



CLK 



BUSRQ 



BUSAK 



CS0-CS4, 
RAW/RAS, 
CASd~CAS4 



(Note 1) 



-tCBAL 



r 



tCBAH -i 



--^tABA 



-"♦tSAA 

HZ 



(Note 2) 



___^^{NojteJ)___ 



t: 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


^BRC 


BUSRQ setup time for CLK 


120 




120 




120 




ns 


fcBAL 


CLK-^BUSAK falling edge 




1.5X + 120 




245 




220 


ns 


^CBAH 


CLK^BUSAK rising edge 




0.5X + 40 




71 




65 


ns 


Uba 


Floating time to BUSAK fall 





80 





80 





80 


ns 


^BAA 


Floating time to BUSAK rise 





80 





80 





80 


ns 



Note 1 : The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to "0" during "Wait" cycle. 
Note 2: The built-in programmable pull-down register is always provided. 
Note 3: The built-in programmable pull-up register is always provided. 

Although CS2/CAS2 pin does not have programmable pull-up register, the built-in pull-up register is always supported with a bus release. 
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4.10 DMAC 



Number 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


^DRW 


DREQIow-^Pulse width (input) 


2x 




250 




100 




ns 


2 


^RC 


CLKvalid->DREQ fall (input) 










80 




ns 


3 


bCH 


















ns 


4 




DWfall{input)-^CLK valid 

^Rpppivinn DRFD in rjpmand mnrlp^ 
















ns 


5 


*DDCH 


C.\ K valiri— ^nRFO ri«;p finniit^ 

VJLIN VQIIU 7L/IILVj( hoc ^Ill^Uly 

(Receiving DREQ in demand mode) 
















ns 


6 


^DDQH 


DREQrise (input)-»CLK valid 
(Canceling DREQ in demand mode) 
















ns 


7 


^DDQC 


CLK valid-^DREQ high hold (input) 
(Canceling DREQ in demand mode) 
















ns 


8 


tKT 


CLKvalid->TC rise (output) 


x-25 




38 




25 




ns 


9 


tTK 


CLKvalid->TC fall (output) 


1.5X-70 




24 




5 




ns 


10 


koc 


CLK valid->EOP fall (input) 






40 




40 




ns 


11 


^EOH 


CLK valid^EOP rise (input) 
















ns 
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4.10 DMA Timing Chart 
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5. Table of Special Function Registers (1) I/O port 

(SFR; Special Function Register) (2) I/O port control 

The special function registers (SFRs) include the I/O ports (3) Timer control 

and peripheral control registers allocated to the 1 28-byte (4) Pattern Generator control 

addresses from OOCXX)OH to 00007FH. (5) watch Dog Timer control 

(6) Serial Channel control 

(7) /VD converter control 

(8) Interrupt control 

(9) Chip Select/Wait Control 



Conf iguration of the table 



Symbol 


Name 


Address 


7 


6 


-i 


f 


1 

















































/ 


y- 







-*-bit Symbol 

Read /Write 
•♦-Initial value afrer reset 
-^Remarks 
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Table 5 I/O Register Address Map (1/2) 



Aririracc 




Aririrpcc 
nuui Co« 


N3ni6 


ffuUICao 




Address 




AAAAAAI 1 

OOOOOOH 




20H 


TRUN 


40H 


TREG6L 


bUH 


AUKbbUL 


1H 




21H 




41 H 


TDCPCU 

Tntbon 


bm 


AHDCPnU 

AUnbbUri 


2H 




22H 


TREGO 


42H 


TDCP71 

Inbb/L 


b*:n 


AHDCPII 

AUnbblL 


3H 




23H 


TREG1 


43H 


TDCP7U 


bon 


AHDCPIU 

AUnbb In 


4H 




24H 


TMOD 


44H 


uArdL 


b4n 


AHDCPOI 

AUnbb<:L 


5H 




25H 


TFFGR 


45H 


CAP3H 


ecu 
boh 


ARDCPOU 

AUnbb^in 


6H 


P2 


26H 


TREG2 


46H 


P ADyll 

bAr4L 


bbn 


ARDCPOI 

AUnbboL 


7H 


P3 


27H 


TREG3 


47H 


CAP4H 


b/H 


Anocpou 
AUKbboH 


8H 


P2CR 


28H 


POMUD 


48H 


T5M0D 


bori 


DHPCI 
DUboL 


9H 


P2FC 


29H 


PI MOD 


49H 


T5FFCR 


byn 


D1 PCU 


AU 

AH 






rrrUn 


*fAn 


RZPQI 


RAH 
Drtn 


D 1 OOL 


BH 


P3FC 


2BH 




4Dn 


D4bon 


bDn 


Dibon 


CH 


P4 


2CH 




4CH 


rbuKtb 


CPU 

bbn 


DOPCI 


DH 


P5 


2DH 




ATMS 

4Un 


DPI DCP 

rbl nhb 


bUn 


DOPCU 


EH 


P4CR 


2EH 




ACU 

4hn 


DPM PD 


ecu 
bbn 


DQPCI 
DOboL 


FH 




2FH 




ACU 

4rn 




ecu 
brn 


DQPCU 
DOboM 


10H 


P4FC 


30H 


1 hbb4L 


oUri 


obUDUr 


/un 


IIM 1 tUAU 


11H 




31 H 


TREG4H 


Oin 


CPHPD 


711-1 


\ri \ LHO 


12H 


P6 


32H 


TRE65L 




oUUIvlUU 


ICll 




13H 


P7 


33H 


TREG5H 


Oon 


DDflPD 


Ion 


INItl lU 


14H 


P6CR 


34H 


CAP1L 




CP1DI IC 

oUibUr 


('in 


IMTFPWm 


15H 


P7CR 


35H 


CAP1H 


DOn 


en PD 
oU Ibn 


7RH 
J On 


IMTCTCyi 
IINItlOH 


16H 


P6FC 


36H 


CAP2L 


ecu 
obn 


cp-t KJinn 
oblMUU 


7RI-I 


IMTFT7R 
llN 1 CI / O 


17H 


P7FC 


37H 


CAP2H 


om 


Bnibn 


77H 
/ In 


IMTFQO 
IIN 1 toU 


18H 


P8 


38H 


I4M(JU 


Oon 


UUb 


/On 


IMTPQ1 
IIN 1 to 1 


19H 


P9 


39 H 


TFF4CR 


oyrl 






IIN 1 UMAU 


1AH 


P8CR 


3AH 


T45CR 


5AH 




7AH 


INTDMA1 


1BH 


P9CR 


3BH 




5BH 




7BH 


IIMC 


1CH 


P8FC 


3CH 


PACR 


5CH 


WDMOD 


7CH 


DMAOV 


1DH 


P9FC 


3DH 


PBCR 


5DH 


WDCR 


7DH 


DMA1V 


1EH 


PA 


3EH 


PAFC 


5EH 


ADMOD 


7EH 


DMA2V 


1FH 


PA 


3FH 


PBFC 


5FH 


ADBS 


7FH 


DMA3V 
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Table 5 1/0 Register Address Map (2/2) 



Address 


Name 


Address 


Name 


Address 


Name 


Address 


Name 


000080H 


DMASAAO 


AOH 


DMASAA2 


COH 




EOH 




81 H 


DMASABO 


A1H 


DMASAB2 


C1H 




E1H 




82H 


DMASACO 


A2H 


DMASAC2 


C2H 




E2H 




83H 




A3H 




C3H 




E3H 




84H 


DMADAAO 


A4H 


DMADAA2 


C4H 




E4H 




85H 


DMADABO 


ASH 


DMADAB2 


C5H 




E5H 




86H 


DMADACO 


A6H 


DMADAC2 


C6H 




E6H 




87H 




A7H 




C7H 




E7H 




88H 


DMACTAO 


A8H 


DMACTA2 


C8H 




E8H 




89H 


DMACTBO 


A9H 


DMACTB2 


C9H 




E9H 




8AH 


DMAMAAO 


AAH 


DMAMAA2 


CAH 




EAH 




8BH 


DMAMABO 


ABH 


DMAMAB2 


CBH 




EBH 




8CH 


DMAMODEAO 


ACH 


DMAM0DEA2 


CCH 




ECH 




SDH 


DMAMODEBO 


ADH 


DMAM0DEB2 


CDH 




EDH 




8EH 


DMACRO 


AEH 


DMACR2 


CEH 




EEH 




8FH 


DMASTO 


AFH 


DMAST2 


CFH 




EFH 




90H 


DMASAA1 


BOH 


DMASAA3 


DOH 




FOH 




91 H 


DMASAB1 


B1H 


DMASAB3 


D1H 




F1H 




92H 


DMASAC1 


B2H 


DMASAC3 


D2H 




F2H 




93H 




B3H 




D3H 




F3H 




94H 


DMADAA1 


B4H 


DMADAA3 


D4H 




F4H 




95H 


DMADAB1 


B5H 


DMADAB3 


D5H 




F5H 




96H 


DMADAC1 


B6H 


DMADAC3 


D6H 




F6H 




97H 




B7H 




D7H 




F7H 




98H 


DMACTA1 


B8H 


DMACTA3 


D8H 




F8H 




99H 


DMACTB1 


B9H 


DMACTB3 


D9H 




F9H 




9AH 


DMAMAA1 


BAH 


DMAMAA3 


DAH 




FAH 




9BH 


DMAMAB1 


BBH 


DMAMAB3 


DBH 




rbn 




9CH 


DMAM0DEA1 


BCH 


DMAM0DEA3 


DCH 




FCH 




9DH 


DMAM0DEB1 


BDH 


DMAM0DEB3 


DDH 




FDH 




9EH 


DMACR1 


BEH 


DMACR3 


DEH 




FEH 




9FH 


DMAST1 


BFH 


DMAST3 


DFH 




FFH 
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(1) I/O Port (1/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 











P27 


P26 


P25 


P24 


P23 


P22 


P21 


P20 


P2 


P0RT2 


06H 


R/W 


Input mode 






































P37 


P36 


P35 


P34 


P33 


P32 


P31 


P30 


P3 


PORTS 


07H 


R/W 


Input mode 










1 


1 


1 


1 


1 


1 


1 


1 














P44 


P43 


P42 


P41 


P40 


P4 


P0RT4 


OCH 








R/W 








input mode 





















1 


1 












P55 


P54 


P53 


P52 


P51 


P50 


P5 


PORTS 


ODH 






R 












Input mode 








P67 


P66 


P65 


P64 


P63 


P62 


P61 


P60 


P6 


P0RT6 


12H 


R/W 


Input mode 








1 


1 


1 


1 


1 


1 


1 


1 
















P73 


P72 


P71 


P70 


P7 


P0RT7 


13H 










R/W 










Input mode 
















1 


1 


1 


1 








P87 


P86 


P85 


P84 


P83 


P82 


P81 


P80 


P8 


PORTS 


18H 


R/W 


Input mode 








1 


1 


1 


1 


1 


1 


1 


1 












P95 


P94 


P93 


P92 


P91 


P90 


P9 


P0RT9 


19H 






R/W 






Input mode 












1 


1 


1 


1 


1 


1 
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(1) I/O Port (2/2) 



Sunihfti 
oyiiiuui 


N3ni6 


All ff race 


7 


6 


5 


4 


3 


2 


1 











P107 


P106 


P105 


P104 


P103 


P102 


P101 


P100 


PA 


P0RT8 


18H 


R/W 


Input mode 








1 


1 


1 


1 


1 


1 


1 


1 








P117 


P116 


P115 


P114 


P113 


P1 12 


P111 


P110 


PB 


P0RT9 


19H 






R/W 






Input mode 












1 


1 


1 


1 


1 


1 



Note: Clearing the output latch register RDFC to "0" outputs the RD strobe from RD pin for PSRAM, even when the internal address is accessed. If the out- 
put latch register RDFC remains "1 ", the RD strobe is output only when the external address is accessed. 
Read/Write R/W ; Either read or write is possible 

R ; Only read is possible 

W ; Only write is possible 

Prohibit RWM ; Prohibit Read Modify Write. (Prohibit RES/SET/TSET/CHG/STCF/ANDCF/ORCF/XORCF Instruction) 



(2) I/O Port Control (1/3) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





P2CR 


P0RT2 
Control 


08H 

(Prohibit 
RMW) 


P27C 


P26C 


P25C 


P24C 


P23C 


P22C 


P21C 


P20C 


W 


























«Refer to the"P2FC"» 


P2FC 


P0RT2 
Function 


09H 

(Prohibit 
RMW) 


P27F 


P26F 


P25F 


P24F 


P23F 


P22F 


P21F 


P20F 


W 


























P2FC/P2CR = 00 : IN. 01 : OUT, 10 : A7 - 0, 11 : A23 - 16 


P3CR 


P0RT3 
Control 


OAH 

(Prohibit 
RMW) 


P37C 


P36C 


P35C 


P34C 


P33C 


P32C 






W 
























0:IN1:OUT 


P3FC 


P0RT3 
Function 


OBH 

(Prohibit 
RMW) 


P37F 


P36F 


P35F 


P34F 




P32F 


P31F 


P30F 


W 

























: PORT 
1 :RAS 


: PORT 
1 :R/W 


: PORT 
1 : BUSAK 


: PORT 
1 : BUSRQ 




: PORT 
1:HWR 


: PORT 
1:WR 


: PORT 
1:RD 


P4CR 


P0RT4 
Control 


OEH 

(Prohibit 
RMW) 








P44C 


P43C 


P42C 


P41C 


P40C 








W 





























: IN 1 : OUT 


P4FC 


P0RT4 
Function 


10H 

(Prohibit 
RMW) 








P44F 


P43F 


P42F 


P41F 


P40F 








W 





























: PORT 1 : CS/C 


^S 



Note: Withthe TM P96C1 4 1 /TM P96C 1 4 1 A/TM P96C041 A, which requires an external ROM, PORTO functions as ADO to AD7; P0RT1 , ADS to AD15; P30. 
the RD signal; P31 , the WR signal, regardless of the values set in POCR, P1 CR, PI FC, P30F and P31 R 
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(2) I/O Port Control (2/3) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 









14H 


P67C 


P66C 


P65C 


P64C 


P63C 


P62C 


P61C 


P60C 


P6CR 


P0RT6 


W 


Control 


(Protiibit 






























RMW) 








0:IN 


1:0UT 












1 on 










P73C 


P72C 


P71C 


P70C 


P7CR 


P0RT7 










W 


Control 


(Prohibit 


























RMW) 










: IN 1 : OUT 






Ion 


P67F 


P66F 


P65F 


P64F 


P63F 


P62F 


P61F 


P60F 


P6FC 


P0RT6 


W 


Function 


(Prohibit 






























RMW) 




0:IN 


:OUT 






: PORT 


1 :PGO-OUT 
















P73F 


P72F 


P71F 




P7FC 


DnDT7 

rUKI 1 

Function 


17H 










W 




(Prohibit 

nlVlVVj 

































: PORT 
1 :T03 


:PORT 

1 :T02 


: PORT 
1:T01 








1 AH 


PS7C 


P86C 


PS5C 


PS4C 


PS3C 


PS2C 


P81C 


P80C 


P8CR 


PORTS 


W 


Control 


(Prohibit 






























RMW) 








0:IN 


1:0UT 












1 RH 
ItJrl 






P95C 


P94C 


P93C 


P92C 


P91C 


P90C 


P9CR 


P0RT9 






W 


Control 


(Prohibit 




























RMW) 










0:IN 


1:0UT 














P86F 






PS3F 


P82F 








PORTS 
Function 


1CH 




W 






W 


W 






P8FC 


(Prohibit 
RMW) 



























: PORT 
1 :T06 






: PORT 
1:T05 


: PORT 
1:T04 
















P95F 




P93F 


P92F 




P90F 




P0RT9 
Function 


1DH 






W 




W 


W 




W 


P9FC 


(Prohibit 

R^/I\AA 

nivivvj 






























: PORT 
1 : SCLK1 




: PORT 
1:TxD1 


: PORT 
1 :SCLKO 




: PORT 
1:TxD0 






ol<r1 


PA7C 


PA6C 


PA5C 


PA4C 


PA3C 


PA2C 


PA1C 


PAOC 


PACR 


PORTA 


W 


Control 


(Prohibit 






























RMW) 


: IN 1 : OUT 






SDH 








PS4F 


P83F 


P82F 


P81F 


PSOF 


PBCR 


PORTS 


W 


Control 


(Prohibit 



























RMW) 


: IN 1 : OUT 
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(2) I/O Port Control (3/3) 



Symbol 


Name 


Address 


7 


6 


5 . 


4 


3 


2 


1 











PA7F 


PA6F 


PA5F 


PA4F 


PA3F 


PA2F 


PA1F 


PAOF 


PAFC 


PORTA 
Function 


3EH 


w 


(Prohibit 

nivi vv ) 





























: PORT 
1 : DACK3 


: PORT 
1 : DREQ3 


: PORT 
1 : DACK2 


: PORT 
1 : DREQ2 


: PORT 
1 : DAGK1 


O.PORT 
1:DREQ1 


: PORT 
1 : DACKO 


: PORT 
1 : DREQO 














PB4F 


PB3F 


PB2F 


PB1F 


PBOF 




PORTB 
Function 


3FH 


W 


PBFC 


(Protiibit 
RMW) 



































: PORT 
1 : lOWR 


: PORT 
1 : lORD 


O-.PORT 
1:TC 


: PORT 
1:E0P 


: PORT 
1:AEN 



(3) Timer Control (1/4) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 











PRRUN 




T5RUN 


T4RUN 


P1RUN 


PORUN 


T1RUN 


TORUN 








R/W 




R/W 


TRUN 


Timer 
Control 


20H 

























Prescaler and Timer Run/Stop CONTROL 
: Stop and Clear 
1 : Run (Count up) 




8bit Timer 
Register 


22H 


















TREGO 


(Protiibit 

nivivv ) 


W 




Undefined 




Bbit Timer 
Register 1 


23H 


















TREG1 


(Protiibit 
RMW) 


W 




Undefined 








T10M1 


T10M0 


PWMM1 


PWMMO 


T1CLK1 


T1CLK0 


T0CLK1 


TOCLKO 




Bbit Timer 
Source CLK 


24H 


W 


TMOD 


























and MODE 


(Protiibit 
RMW) 


00 : 8bit Timer 
01 :16bit Timer 
10: BbitPPG 
11 : Bbit PWM 


00: - 
01 :2^- 
10:2^- 
11:28- 


1 PWM 

1 

1 


00:TO0TRG 
01: 0T1 
10: 0T16 
11 :0T256 


00:TIO Input 
01 : 0T1 
10: 0T4 
11:0T16 














DBEN 


TFF1C1 


TFF1C0 


TFF1IE 


TFF1IS 














R/W 


W 


R/W 


TFFCR 


8bit Timer 
Flip-flop 
Control 


25H 





























1 : Double 
Buffer 
Enable 


00: Invert TFF1 
01:SetTFF1 
10: Clear TFF1 
11 : Don't care 


1:TFF1 
Invert 
Enable 


: Inverted 
by 

Timer 




PWM Timer 
Register 2 




















TREG2 


26H 


(R)/W (Can read double buffer values.) 






Undefined 
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(3) Timer Control (2/4) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





TREG3 


PWM Timer 

1 VV IVI 1 III Id 

Register 3 


27H 


(R)/W (Can read double buffer values.) 






Undefined 








FF2RD 


DB2EN 


PWMOINT 


PWMOM 


T2CLK1 


T2CLK0 


PWM0S1 


PWMOSO 








R 


W 


POMOD 


PWMO MODE 


28H 

























(Protiibit 
RMW) 


TFF2 output 
value 


1 : Double 
Buffer 
Enable 


: Overflow 
Interrupt 

1 : Compare/ 
Match 
Interrupt 


0:PWM 
Mode 

1 : Timer 
Mode 


00: 0P1(fc/4) 
01: 0P4(fc/16) 
10:«^16(fc/64) 
11 : Don't care 


00:2^-1 
01 : 2^-1 
10:2^-1 
11 : Don't care 








FF3RD 


DB3EN 


PWM1INT 


PWM1M 


T3CLK1 


T3CLK0 


PWM1S1 


PWM1S0 








R 


W 


P1M0D 


PWM1 MODE 


29H 

























(Protiibit 
RMW) 


TFF3 output 
value 


1 : Double 
Buffer 
Enable 


: Overflow 
Interrupt 

1 : Compare/ 
Match 
Interrupt 


0:PWM 
Mode 

1 : Timer 
Mode 


00:0 P1(fc/4) 
01 : P4(fc/16) 
10 : 0P16(fc/64) 
11 : Don't care 


00:2^-1 
01:2^-1 
10:2^-1 
11: Don't care 








~ FF3C1 


FF3C0 


FF3TRG1 


FF3TRG0 


FF2C1 


FF2C0 


FF2TRG1 


FF2TRG0 








W 


R/W 


W 


R/W 




PWM 

Flip-flop 
Control 




























PFFCR 


2AH 


00 : Don't care 
01:SetTFF3 
10: Clear TFF3 
1 1 : Don't care 


00: Prohibit TFF3 

Inverted 
01 : Invert if matched 
10: Set if matched; 

Clear if overflowed 
11 : Clear if matched; 

set if overflowed 


00 : Don't care 
01 :SetTFF2 
10: Clear TFF2 
11: Don't care 


00: Prohibit TFF2 

Inverted 
01 : Invert if matched 
10: Set if matched; 

Clear if overflowed 
11 : Clear if matched; 

set If overflowed 




16bit Timer 
Register 4L 


30H 




TREG4L 


(Prohibit 
RMW) 


W 




Undefined 




16bit Timer 
Register 4H 


31 H 




TREG4H 


(Protiibit 
RMW) 


W 




Undefined 




16bit Timer 
Register 5L 


32H 




TREG5L 


(Protiibit 
RMW) 


W 




Undefined 




16bit Timer 
Register 5H 


33H 




TREG5H 


rPrnhihit 
^riuiiiuii 

RMW) 


W 




Undefined 




Capture 
Register 1L 






CAP1L 


34H 


R 






Undefined 




Capture 
Register 1H 






CAP1H 


35H 


R 






Undefined 
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(3) Timer Control (3/4) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





CAP2L 


Capture 
Register 2L 


36H 




R 


Undefined 


CAP2H 


Capture 
Register 2H 


37H 




R 


Undefined 


T4M0D 


16bitTimer4 
Source 
CLK and 
iVIODE 


38H 


CAP2T5 


EQ5T5 


CAP1IN 


CAP12M1 


CAP12M0 


CLE 


T4CLK1 


T4CLK0 


R/W 


W 


R/W 




























TFF5 INVTRG 
0: TRG Disable 
1:TRG Enable 


: Soft- 
Capture 
1 : Don't care 


Capture Timing 
00 : Disable 
01 :T14 T T15 T 
10:T14 T T14 i 
11:TFF1 T TFF1 i 


1:UC4 
Clear 
Enable 


Source Clock 
00:TI4 
01 : 0T1 
10: fA 
11 :0T16 


T4FFCR 


16bitTimer4 
Flip-flop 
Control 


39H 


TFF5C1 


TFF5C0 


CAP2T4 


CAP1T4 


EQ5T4 


EQ4T4 


TFF4C1 


TFF4C0 


W 


R/W 


W 


























00: Invert TFF5 
01:SetTFF5 
10: Clear TFF5 
11 : Don't care 


TFF4 Invert Trigger 
: Trigger Disable 
1 : Trigger Enable 


00: Invert TFF4 
01:SetTFF4 
10: Clear TFF4 
11 : Don't care 


T45CR 


T4, T5 Control 


3AH 










PG1T 


PGOT 




DB4EN 


R/W 








R/W 






















Fix at "0" 








PG1 shift 
trigger 
0: Timer 0,1 
1 : Timer 5 


PGO shift 
trigger 
: Timer 0,1 
1 : Timer 4 


1 : Double 
Buffer 
Enable 


TREG6L 


16bit Timer 
Register 6L 


40H 
(Prohibit 
RMW) 




W 


Undefined 


TREG6H 


16bit Timer 
Register 6H 


41H 

(Prohibit 
RMW) 




W 


Undefined 


TREG7L 


16bit Timer 
Register 6L 


42H 
(Prohibit 
RMW) 




W 


Undefined 


TREG7H 


16bit Timer 
Register 6H 


43H 
(Prohibit 
RMW) 




W 


Undefined 
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(3) Timer Control (4/4) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





CAP3L 


OdpiUlc 

Register 3L 


44H 


- 


R 


Undefined 


CAP3H 


Register 3H 


45H 


- 


R 


Undefined 


CAP4L 


Register 4L 


46H 




R 


Undefined 


CAP4H 


Capture 
Register 4H 


47H 




R 


Undefined 


T5M0D 


16bitTimer5 
Source 
CLKand 
MODE 


48H 






CAP3IN 


CAP34M1 


CAP34M0 


CLE 


T5CLK1 


T5CLK0 






W 


R/W 




























: Soft- 
Capture 
1 : Don't care 


Capture Timing 
00 : Disable 
01 :T16 T T17 t 
10:T16 T T16 i 
11:TFF1 T TFF1 i 


1 :UC5 
Clear 
Enable 


Source Clock 
00:TI6 
01 : 0T1 
10: 0T4 
11 :0T16 


T5FFCR 


16bitTimer5 
Flip-tlop 
Control 


49H 






CAP4T6 


CAP3T6 


EQ7T6 


EQ6T6 


TFF6C1 


TFF6C0 






R/W 


W 


























TFF6 Invert Trigger 
: Trigger Disable 
1 : Trigger Enable 


00: Invert TFF6 
01:SetTFF6 
10: Clear TFF6 
11 : Don't care 


(4) Pattern Generator 


Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





PGOREG 


PGO Register 


4CH 
(Prohibit 
RMW) 


PG03 


PG02 


PG01 


PGOO 


SA03 


SA02 


SA01 


SAOO 


W 


R/W 














Undefined 


PG1REG 


PG1 Register 


4DH 

(Prohibit 
RMW) 


PG13 


PG12 


PG11 


PG10 


SA13 


SA12 


SA11 


SA10 


W 


R/W 














Undefined 


PG01CR 


PGO, 1 Control 


4EH 


PAT1 


CCW1 


PG1M 


PG1TE 


PATO 


CCWO 


PGOM 


PGOTE 


R/W 


























0:8bit write 
1 : 4bit write 


: Normal 
Rotation 

1 : Reverse 
Rotation 


0:4bitStep 
1 :8bitStep 


PG1 trigger 
input 
enable 
1 : Enable 


0:8bit write 
1 : 4bit write 


: Normal 
Rotation 

1 : Reverse 
Rotation 


0:4bitStep 
1 :8bitStep 


PGO trigger 
input 
enable 
1 : Enable 
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(5) Watch Dog Timer 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





WD- 
MOD 


Watch Dog 
Timer Mode 


5CH 


WDTE 


WDTP1 


WDTPO 


WARM 


HALTM1 


HALTMO 


RESCR 


DRVE 


R/W 


1 























1 :WDT 
Enable 


00:2^^/fc 
01:2^% 
10:220/fc 
11:222/fc 


Warming up 
Time 
0:2% 
1 :2^% 


Standby Mode 
GO : RUN Mode 
01 : STOP Mode 
10: IDLE Mode 
11 : Don't care 


1 : Connect 
internally 
WDTout 
pinto 
Reset Pin 


1 : Drive 
the pin 
in STOP 
Mode 


WDCR 


Watch Dog 
Timer 
Control 
Register 


SDH 




W 


Undefined 


B1 H : WDT Disable Code 4EH : WDT Clear Code 
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(6) Serial Channel (1/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





SCOBUF 


Serial 
Channel 
Buffer 


50H 


RB7 
TB7 


RB6 
TB6 


RB5 
TBS 


RB4 
TB4 


RB3 
TBS 


RB2 
TB2 


RBI 
TBI 


RBO 
TBO 


R (Receiving)/W (Transmission) 


Undefined 


SCOCR 


Serial 
Cfiannel 
Control 


51H 


RB8 


EVEN 


PE 


OERR 


PERR 


FERR 






R 


R/W 


R (Cleared to by reading) 


R/W 


























Receiving 
data bit 8 


Parity 
O:0dd 
1 : Even 


1 : Parity 
Enable 


1 : Error 


Fix at "0" 


Fix at "0" 


Overrun 


Parity 


Framing 


SCO- 
MOD 


Serial 
Channel 
Mode 


52H 


TBS 


CTSE 


RXE 


WU 


SMI 


SMO 


SCI 


SCO 


R/W 


























Transmission 
data bits 


1:CTS 
Enable 


1 : Receive 
Enable 


1 : Wake up 
Enable 


00 : Unused 
01:UART7bit 
10:UART8bit 
11 :UART9bit 


00: TOO Trigger 
01 : Baud rate generator 
10: Internal clock 01 
11 : Don't care 


BROCR 


Baud Rate 
Control 


53H 






BR0CK1 


BROCKO 


BR053 


BR052 


BR051 


BR050 


R/W 


R/W 

























Fix at "0" 




00 
01 
10 
11 


0tO (fc/4) 
0t2 (fc/16) 
0t8 (fc/64) 
(^32 (fc/256) 


Set frequency divisor 
0~F 
("1" prohibited) 


SC1BUF 


Serial 
Channel 1 
Buffer 


54H 


RB7 
TB7 


RB6 
TB6 


RB5 
TBS 


RB4 
TB4 


RB3 
TBS 


RB2 
TB2 


RB1 
TBI 


RBO 
TBO 


R (Receiving)/W (Transmission) 


Undefined 


SC1CR 


Serial 
Channel 1 
Control 


55H 


RB8 


EVEN 


PE 


OERR 


PERR 


FERR 


SCLKS 


IOC 


R 


R/W 


R (Cleared to by reading) 


R/W 

























Receiving 
data bit 8 


Parity 
: Odd 
1 : Even 


1 : Parity 
Enable 


1 : Error 


0: SCLKO 

TO 


1 : Input 
SCLK1 pin 


Overrun 


Parity 


Framing 


SC1- 
MOD 


Serial 
Channel 1 
Mode 


56H 


TBS 




RXE 


WU 


SMI 


SMO 


SCI 


SCO 


R/W 


























Transmission 
data bits 


Fix at "0" 


1 : Receive 
Enable 


1 : Wake up 
Enable 


00 : I/O Interface 
01:UART7bit 

10 :UART 8-bit 

11 :UART9bit 


00: TOO Trigger 
01 : Baud rate generator 
10: Internal clock 01 
11 : Don't care 
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(6) Serial Channel (2/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 















BR1CK1 


BR1CK0 


BR153 


BR152 


BR151 


BR150 








R/W 


R/W 


Dn 1 un 


Baud Rate 


Din 

























Control 


Fix at "0" 




00 : 0tO (fc/4) 
01 : 0t2 (fc/16) 
10: 0t8 (fc/64) 
11 :0t32{fc/256) 


Set frequency divisor 
0~F 
("1" proliibited) 




















0DE1 


ODEO 




Special 
















R/W 


ODE 


Open Drain 
Enable 


58H 




































1:P93 
Open-drain 


1 : P90 
Open-drain 
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(7) A/D Converter Control (1/2) 



Symbol 


Name 


Address 


7 6 


5 


4 


3 2 


1 





ADMOD 


A/D 

Converter 

Mode 

Register 


5EH 


EOCF ; ADBF 


REPET 


SCAN 


ADCS ADS 


ADCH1 


ADCHO 


R 


RAW 


RAN 


R/W 


R/W 























1 : END 


1 : BUSY 


1 : Repeat 
Mode 
Set 


1 : Scan 
Mode 
Set 


1 : Slow 
Mode 


1 : START 


Analog Input 
Channel Select 


ADCH 


A/D 
Control 
Select 
Register 


5FH 
















ADCH2 
















RW 

































0: AN0~3 
1 : AN4~5 


AD 
REG04L 


A/D 
Result 
Register 
CH0,4(L) 


60H 


ADR041 


ADR040 
















Undefined 


Lower 2 bits of AD conversion result for ANO or AN4 3re stored. 


AD 

REG04H 


A/D 
Result 
Register 
CH0,4(H) 


61H 


ADR049 ; ADR048 i ADR047 ; ADR046 ; ADR045 j ADR044 j ADR043 j ADR042 


R 


Undefined 


Upper 8 bits of AD conversion result for ANO or AN4 are stored. 


AD 
REG15L 


AD 
Result 
Register 
CH1,5(L) 


62 H 


ADR151 ; ADR150 I \ \ \ \ \ 


R 


Undefined 


Lower 2 bits of AD conversion resultfor AN1 or AN 5 are stored. 


AD 

REG15H 


AD 
Result 
Register 
CHI, 5(H) 


63 H 


ADR159 i ADR158 j ADR157 ; ADR156 i ADR155 \ ADR154 i ADR153 \ ADR152 


R 


Undefined 


Upper 8 bits of AD conversion result for AN1 or AN5 are stored. 


AD 
REG2L 


AD 
Result 
Register 
CH2 (L) 


64H 


ADR21 ; ADR20 j i i i i = 


R 


Undefined 


Lower 2 bits of AD conversion result for AN2 are stored. 


AD 
REG2H 


AD 
Result 
Register 
CH2(H) 


65H 


ADR29 ; ADR28 ; ADR27 1 ADR26 j ADR25 ; ADR24 ; ADR23 j ADR22 


R 


Undefined 


Upper 8 bits of AD conversion result for AN2 are stored. 


AD 
REG3L 


A/D 
Result 
Register 
CH3{L) 


66H 


ADR031 j ADR030 j i ! ! ! ! 


R 


Undefined 


Lower 2 bits of AD conversion result for AN3 are stored. 


AD 
REG3H 


A/D 
Result 
Register 
CH3(H) 




ADR039 ; ADR038 i ADR037 j ADR036 ; ADR035 i ADR034 \ ADR033 \ ADR032 


R 


67 H 


Undefined 


Upper 8 bits of AD conversion result for AN3 are stored. 



MCU900-648 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 



TMP96C081F 



(8) Interrupt Control (1/2) 



Symbol 


Name 


Address 


7 


1 6 1 5 


4 


3 


1 2 1 , 







INTerrupt 
Enable 
& A/0 




INTAD 


INTO 


INTE- 


70H 


lADC 


; IADM2 i IADM1 


lADMG 


IOC 


I0M2 I0M1 


lOMO 


OAD 


(Prohibit 


R/W 


W 




R/W 


W 






RMW) 





: . 








: : 







INTerrupt 

Enable 

4/5 




INT5 


INT4 


INTE45 


71H 


ISC 


I5M2 I5M1 


I5M0 


I4C 


I4M2 I4M1 


I4M0 


(Prohibit 


R/W 


W 




R/W 


i W 






RMW) 





; i 








i i 







INTerrupt 

Enable 

6/7 




INT7 


INT6 


INTE67 


72 H 


I7C 


I7M2 I7M1 


I7M0 


I6C 


I6M2 I6M1 


I6M0 


(Prohibit 


R/W 


w 




R/W 


W 






RMW) 





i i 








i : 







INTerrupt 
Enable 
Timer 1/0 




INTT1 (Timer 1) 


INTTO (Timer 0) 


INTET10 


73 H 


IT1C 


i IT1M2 i IT1M1 


IT1M0 


ITOC 


i IT0M2 : IT0M1 


ITOMO 


(Prohibit 


R/W 


w 




R/W 


W 











i ; 








: i 







INTerrupt 
Enable 
PWm 1/0 




INTT3 (Timer 3/PWM1) 


INTT2 (Timer 2/PWMO) 


INTE 


74H 


IPW1C 


: IPW1M2 ; IPW1M1 


IPW1M0 


IPWOC 


; IPW0M2 i IPW0M1 


IPWOMO 


PW10 


(Prohibit 


R/W 


W 




R/W 


W 






RMW) 





; ; 








i : 







INTerrupt 
Enable 
Treg 5/4 




INTTR5 (TREG5) 


INTTR4 (TREG4) 


INTET54 


75H 


IT5C 


; IT5M2 ; IT5M1 


IT5M0 


IT4C 


i IT4M2 ; IT4M1 


IT4M0 


(Prohibit 


R/W 


W 




RW 


W 






RMW) 





; ; : 








i ; 







INTerrupt 
Enable 
Treg 7/6 




INTTR7 (TREG7) 


INTTR6 (TREG6) 


INTET76 


76H 


IT7C 


IT7M2 IT7M1 


IT7M0 


IT6C 


i IT6M2 i IT6M1 


IT6M0 


(Prohibit 


R/W 


W 




RW 


w 






RMW) 





i i ; 








i ; i 






INTerrupt 
Enable 
Serial 




INTTXO 


INTRXO 


INTESO 


77H 


ITXOC 


i ITX0M2 ; ITX0M1 i 


ITXOMO 


IRXOC 


; IRX0M2 i IRX0M1 ; 


IRXOMO 


(Prohibit 


RW 


W 




RW 


W 






RMW) 





; i i 








; ; i 







INTerrupt 
Enable 
Serial 1 




INTTX1 


INTRX1 


INTES1 


78H 


ITX1C 


i ITX1M2 : ITX1M1 : 


ITX1M0 


IRX1C 


i IRX1M2 : IRX1M1 i 


IRX1M0 


(Prohibit 




W 




RW 


W 






RMW) 





: ; ; 








: ; : 







INTerrupt 
Enable 
DM AC 1/0 




DMA1 


DMAO 


INT- 


79H 


ID1C 


: ID1M2 ID1M1 


ID1M0 


IDOC 


; ID0M2 i ID0M1 


lOOMO 


DMAO 


(Prohibit 


R/W 


W 




R/W 


W 






RMW) 





: i j 








: ; i 







INTerrupt 

Enable 

DMAC3/2 




DMA3 


DMA2 


INT- 


7AH 


ID3C 


; ID3M2 ID3M1 


ID3M0 


ID2C 


i ID2M2 : ID2M1 i 


ID2M0 


DMAl 


(Prohibit 


R/W 


W 




RW 


W 






RMW) 





; ; ■: 








; : : 
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(8) Interrupt Control (2/2) 



Symbol 


Name 


Address 


7 1 6 1 5 


4 1 3 1 2 1 1 1 


DMAOV 


DMAO 
request 
Vector 


7CH 
(Prohibit 
RMW) 








/iDMAO Start vector 








DMA0V8 • DMA0V7 i DMA0V6 i DMA0V5 i DMA0V4 








W 








: ; i ; 


DMA1V 


DMA1 
request 
Vector 


7DH 
(Prohibit 
RMW) 








ijDMAI Start vector 








DMA1V8 ! DMA1V7 ! DMA1V6 i DMA1V5 ! DMA1V4 








W 








: ; i ; 


DMA2V 


DMA 2 
request 
Vector 


7EH 
(Prohibit 
RMW) 








uDMM Start vector 








DMA2V8 ■: DMA2V7 ; DMA2V6 1 DMA2V5 \ DMA2V4 








W 








: ; i : 


DMA3V 


DMA 3 
request 
Vector 


7FH 
(Prohibit 
RMW) 








//DMAS start vector 








DMA3V8 j DMA3V7 i DMA3V6 j DMA3V5 i DMA3V4 








W 























liMC 


Interrupt 
Input 
Mode 
Contorol 


7BH 

(Prohibit 
RMW) 












lOlE 


lOLE 


NMIREE 












W 


W 


W 































1: INTO 
input 
enable 


0: INTO 
edge 
mode 

1 : INTO 
level 
mode 


1 : Operate 
even at 
FiMlrise 
edge 
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(9) Chip Select/Wait Controller (1/2) 



Symbol 



Name 
BlockO 
CS/WAIT 
Control 
Register 
Low 



1 : CS/CAS 
Enable 



1 : System 
Only 



W 



/CSO 
/CASO 



W 



0: 16 bit 

Bus 

1 : 8 bit 

Bus 



Wait Control 
000 : 2 Wait 



001 : 
010: 
Oil : 
100: 
101 : 
110: 
111 : 



1 Wait 
1 Wait + n 
OWait 
0-2 Wait 
0-1 Wait 
Reserved 
Reserved 



BlockO 

CS/WAIT 

Control 

Register 

High 



B0A1 



Address (A23-A20) Mask Set 
: Non-Mask 
1 : Mask 



Address (A23~A20) Comparision 
0000 : 7F00H~7FFFH 
Other : Compare A23-A20 



Blockl 

CS/WAIT 

Control 

Register 

Low 



1 : CS/CAS 
Enable 



1 : System 
Only 



/CS1 
/CAS1 



W 



0: 16 bit 

Bus 

1 : 8 bit 

Bus 



Wait Control 
000: 2 Wait 



001 
010 
Oil 
100 
101 



1 Wait 
1 Wait + n 
OWait 
0-2 Wait 
0-1 Wait 
110: Reserved 
111 : Reserved 



Blockl 

CS/WAIT 

Control 

Register 

High 



B1A2 



B1A1 



Address (A23-A20) Mask Set 
: Non-Mask 
1 : Mask 



Address (A23-A20) Comparision 
0000 : 0080H-7FFFH 
Other : Compare A23-A20 



Block2 

CSAVAIT 

Control 

Register 

Low 



1: CS/CAS 
Enable 



1 : System 
Only 



W 



/CS2 
/CAS2 



W 



0: 16 bit 

Bus 

1 : 8 bit 

Bus 



Wait Control 
000: 2 Wait 



001 : 
010: 
Oil : 
100: 
101 : 
110: 



1 Wait 
1 Wait + n 
OWait 
0-2 Wait 
0-1 Wait 
Reserved 
Reserved 



Block2 

CS/WAIT 

Control 

Register 

High 



B2A1 



Address {A23~A20) Mask Set 
: Non-Mask 
1 : Mask 



Address (A23— A20) Comparision 
0000 : 8000H-3FFFFFH 
Other : Compare A23-A20 
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(9) Chip Select/Wait Controller (2/2) 



Symbol 


Name 


Address 


B7 


B6 


BS 


B4 


B3 


B2 


Bl 


BO 


B3CSL 


Blocks 


6EH 


B3E 


B3SYS 


B3CAS 


B3BUS 




B3W2 


B3W1 


B3W1 




CS/WAIT 




W 


W 


W 


W 




W 


W 


W 




Control 





























Register 
Low 




1:CS/CAS 
Enable 


1 : System 
Only 


0: 

/C53 

1: 

/CA53 


0: 16 bit 

Bus 

1:8bit 

Bus 




Wait Control 
000: 2 Wait 
001 : 1 Wait 
010: IWait + n 
Oil : OWait 
100: 0-2 Wait 
101 : 0~1 Wait 
110: Reserved 
111: Reserved 


B3CSH 


Block3 


6FH 


B3M3 


B3M2 


B3M1 


B3M0 


B3A3 


B3A2 


B3A1 


B3A0 




CS/WAIT 




W 


W 


W 


W 


W 


W 


W 


W 




Control 






























Register 
High 




Address (A23~A20) Mask Set 
: Non-Mask 
1 : Mask 


Address (A23-'A20) Comparison 

0000 : Address areas are not specified 
Other : Compare A23~A20 


B4C5L 


Block4 


4AH 


B4E 


B4SYS 


B4CAS 


B4BUS 




B4A2 


B4A1 


B4A0 




CSWAIT 




W 


W 


W 


W 




W 


W 


W 




Control 





























Register 
Low 




1 ; CS/CAS 
Enable 


1 : System 
Only 


0: 

/CS4 

1: 

/CAS4 


0: 16 bit 

Bus 

1:8 bit 

Bus 




Wait Control 
000: 2 Wait 
001 : 1 Wait 
010: IWait + n 
Oil : OWait 
100: 0-2 Wait 
101 : 0-1 Wait 
110: Reserved 
111: Reserved 


B4CSH 


Block4 


4BH 


B4M3 


B4M2 


64M1 


B4M0 


B4A3 


B4A2 


B4A1 


B4A0 




CS/WAIT 




W 


W 


W 


W 


W 


W 


W 


W 




Control 






























Register 
High 




Address {A23~A20) Mask Set 
: Non-Mask 
1 : Mask 


Address (A23~A20) Comparison 

0000 : Address areas are not specified 
Other : Compare A23~A20 
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6. Port Section Equivalent Circuit Diagram 

• Reading The Circuit Diagram 

Basically, the gate singles written are the same as 
those used for the standard CMOS logic IC [74HCXX] 
series. 

The dedicated signal is described below. 



STOP: This signal becomes active "1 " when the hold mode 
setting register is set to the STOP mode and the CPU 
executes the HALT instruction. When the drive enable 
bit [DRIVE] is set to "1", however, STP remains at "0". 

• The input protection resistor ranges from several tens of 
ohms to several hundreds of ohms. 



ADO ~ AD7, ADS ~ 15, A8 ~ 15, P2 (A16 - 23, AO ~7) 



Output Data 



Output Enable V— 
STOP — ) 

Input Data 



VCC 




-mr- 



Input Enable 




Qi/o 

■OHIr N-ch] Programmable 
1 ! Pull Down 



\ Resistance 
(onlyPORT2) 



RD, WR 



Output Data 



STOP -{>o-J 



tZ> — II 




VCC 

I 



-□ OUT 



• P32 ~ 37, P40 ~ 41 , P43 ~ 44 



Output Data 



Output Enable 
STOP 



Input Data 



O— I 




VCC 

I 




-Wr- 



Input Enable 



_^ Programmable 



1 9VCC " ; PulfUp 

|jv^Q_jd. ; Resistance 



-□i/o 
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P42 (CS2. CAS2) 



Output Data 



Output Enable _j — \ 
STOP -4 r 

Input Data 



O— 

i 





Input Enable 



-Qi/o 



Programmable 
Pull Down 
Resistance 



P5 (ANO ~ 5) 



P87 (INTO) 



Analog input - 
channel select 



Analog input • 



Input Data 



-{» 1 




Input Enable 



-Q Input 



Output Data 



Output Enable — | \ 
STOP J 




vcc 

I 



Input Data 



-c<Hpo<^ 
I Schmitt 



-VW- 



-O I/O 
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P90 (TXDO), P93 (TXD1) 



P96 (XT1). P97 (XT2) 



Output Data 



VCC 




Input Enable 



O I/O 



clock 



Input Data 

Output Data 
Output Enable 



Input Data 

Output Data 
Output Enable 



STOP 



Input Enable 



low frequency 
oscillation enable 




{□ P97(XT2) 



{□ P96(XT1) 



NMI 



NMI 



-W\^ □ Input 



Schmitt 
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WDTOUT 



CSEL, AM8/16 



ALE 



WDTOUT 



-{>o \>~ 



-O OUT 



CLK 



Output Enable 
internal CLK ■ 



STOP 
internal reset 



Test circuit 



VCC VCC 




'Al 



O— )if 



-Q OUT 



-W\r- 



~D Input 



Output Enable • 




VCC 

P-ch 



OUT 
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• RESET 



lookn 

typ.-s. 



vcc 



internal reset 



Schmitt 



Input 



X1,X2 



clock 



High frequency . 
oscillation enable! 



Jp-ch jN-ch ^ 



-{JX2 



VREF, AGND 



€1 



-a 



Ladder 
Resistance 



A/ D Converter 
GND 



-Q ^^^^ 
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7. Guidelines and Restrictions 

(1) Special Expression 

® Explanation of a built-in I/O register: Register 
Symbol <Bit Symbob 

ex) TRUN <TRUN> - Bit TORUN of Register TRUN 

® Read, Modify and Write Instruction 

An instruction which CPU executes following by one 
instruction. 

1 . CPU reads data of the memory. 

2. CPU modifies the data. 

3. CPU writes the data to the same memory. 

ex1) SET 3, (TRUN) • ■ • set bit3 of TRUN 

ex2) INC1 , (1 OOH) • • • increment the data of 1 0OH 

• The representative Read, IVIodify and Write 
Instruction in the TLCS-900 

SET imm, mem, RES imm, mem 

CHG imm, mem, TSET imm, mem 

INC imm, mem, DEC imm, mem 

RLD A, mem, ADD imm, reg 

m 1 state 

One cycle clock divided by 2 oscillation frequency is 
called 1 state 

ex) The case of oscillation frequency is 20MHz 
2/20MHz= 100ns = 1 state 

(2) Guidelines 

® CESL, AM8/T6 pin 

Fix these pins Vqq or GND unless changing voltage. 

(D Standby Mode (IDLE1) 

When the IDLE1 mode (operates only oscillator) is 
used, set TRUN <PRRUN> to "0" to stop prescaler 
before "HALT" instruction is executed. 



(D Warming-up Counter 

The warming-up counter operates when the STOP 
mode, is released even the system which is used an 
external oscillator. As a result, it takes warming up time 
from inputting the releasing request to outputting the 
system clock. 

® High Speed [iDMA (DRAM refresh mode) 



When the Bus is released (BUSAK = "0") for waiting to 
accept the interrupt, DRAM refresh is not performed 
because of the high-speed |xDMA is generated by an 
interrupt. 

(D Programmable Pull Up/Down Resistance 

The programmable pull up/down resistors can be 
selected ON/OFF by program when they are used as 
the input ports. The case of they are used as the out- 
put ports, they cannot be selected ON/OFF by pro- 
gram. 

(D Bus Releasing Function 

Refer to the "Note about the Bus Release" in 3.5 Func- 
tions of Ports because the pin state when the bus is 
released is written. 

® Watch Dog Timer 

The watch dog timer starts operation immediately after 
the reset is released. When the watch dog timer is not 
used, set watch dog timer to disable. 

(D Watch Dog Timer 

When the Bus is released, the watch dog timer cannot 
be operated. 

(D A/D Converter 

The ladder resistor between VREF and AGND pin can 
be cut by program to reduce the power consumption. 
When the standby mode is used, cut by program 
before "HALT" instruction is executed. 

® CPU (High Speed ^iDMA) 

Only the "LDC cr, r", "LDC r, cr" instruction can be 
used to access the control register like transfer source 
address register (DMASn) in the CPU. 
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